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Agricultural  Department.  ( See  Department  of  Agriculture.) 
Alaska,  estimate  for  survey  of  boundary  of  _ 

natives  of  Seal  Island,  request  for  appropriation  for  food, 
etc  _ . 

154 

111 

35 

34 

Albatross  (steamer),  estimate  for  expenses  of,  in  Bering  Sea  

168 

35 

estimate  of  deficiency  by  trip  to  Alaska  

103 

34 

Algiers,  La.,  report  of  survey  to  locate  dry  dock  at_ _ 

79 

33 

American  Association  of  Students  (Paris),  relative  to  rent  of  build- 
ing for  _ _ _ _ _ __  

165 

35 

Antietam,  estimate  for  battle  lines  and  sites  at _ 

146 

35 

Appropriations,  Alaska,  natives  of  Seal  Island  _ 

154 

35 

to  complete  survey  of  boundary  

111 

34 

annual,  Book  of  Estimates  of_  _ - . _ 

5 

26 

bailiffs  and  criers  in  District  of  Columbia . . _ 

220 

37 

Board  of  Lady  Managers,  World’s  Columbian  Ex- 
position. - _ 

157 

35 

Cheyenne  and  Arapahoe  Indians,  for  support  of. . _ 
claims  against  United  States,  defending  suits  in  __ 
Court  of  Claims,  for  additional  room  for  files  ...  . 
Court  of  Private  Land  Claims,  for  printing  notice 
of  organization  of 

198 

150 

186 

224 

35 

35 

35 

37 
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Subject. 


Appropriations,  courts,  additional,  for. 

deficiencies 

customs,  collection  of 

deficiencies  in  Department  of  the  Interior 

deficiencies  in  Department  of  Justice 

deficiency  estimates  for  subsistence  of  the  Sioux 

Indians 

deficiency  for  fees  and  expenses  of  examining  sur-  j 

geons = 

Department  of  Justice,  marshals,  etc.  (deficiency). 

District  of  Columbia  (deficiency) 

Eleventh  Census,  to  continue. ^ 

estimates  of  deficiencies  in,  of  the  various  Depart- 
ments  

Indian  service,  deficiencies _ 

Intercontinental  Railway  Commissioners,  salary 

of ! 

money -order  system,  increase  in J 

ocean  mail  service [ 

Pacific  Branch,  Soldiers’  Home, for  improvement  of 
permanent  and  indefinite,  letter  relative  to  House 

bill  448,  to  repeal 

postal  service  (deficiency) 

post  traders’  buildings,  to  purchase 

prisons,  erection  of 

Rainy  Lake  River,  to  establish  Government  post 

at  mouth  of 

revenue  steamer  for  Baltimore  (additional) 

Rock  Island  Arsenal 

State  Department,  printing  and  binding  

to  enforce  Chinese  exclusion  acts 

Treasury  Department,  additional  space  for 

Utah  penitentiary .- 

War  Department,  for  printing  and  binding 

Washington  (D.  C.)  post-office ___r 

World’s  Columbian  Exposition,  Government  ex- 
hibit  

World's  Columbian  Exposition,  postal  service 

Arms,  obsolete,  etc.,  relative  to  disposition  of 

Army,  relative  to  — 

brevet  rank,  relative  to  amendment  of  act  of  February  27, 

1890  ' 

brevets  of,  relative  to  Senate  bill  2699,  relating  to 

desertions  from 

infantry  arm,  petition  relative  to  bill  (Senate)  for  reorgan- 
ization  

relief  of  certain  officers  of  the  Pay  Department  of 

sergeant  of  ordnance,  letter  relative  to  clothing  allowance 

for 

transportation,  list  of  claims  allowed  for . 

report  of  Secretary  of  War  on  civilian  employes  in. 

to  print  drill  regulations 

Arapahoes.  (< See  Indians.) 

Arbitration,  relative  to  appropriation  for,  between  United  States  | 

and  Great  Britain 

Arizona,  relative  to  unsurveyed  lands  in 

Arlington  Cemetery,  relative  to  burial  of  families  of  officers  in 

Attorney-General : 

Communications  from — 

Annual  report  of - 

Beers,  C.  W.,  claim  of 
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37 

194 
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37 

( 245 

37 

64 

33 

217 

37 
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37 
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37 
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26 
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35 
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34 
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37 
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37 
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35 

152 

35 

192 

35 

207 

37 

130 

34 

158 

35 

122 

34 

191 

35 

242 

37 

244 

37 

218 

37 

( 139 

35 

( 115 

34 

136 

35 

140 

35 

153 

35 

246 

37 

174 

35 

249 

37 

269 

37 

209 

37 

239 

37 

135 

34 

48 

33 

258 

37 

19 

29 

250 

37 

212 

37 

214 

37 

231 

37 
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02 

195 

35 
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Subject. 


Attorney-Gene  ral : 

Communications  from — 

Claims  of  bailiffs  for  1889,  estimates  for  payment  of 

Claims  of  bailiffs,  New  Jersey  district,  submitting  papers. on.  - 

Court  of  Claims,  list  of  unpaid  costs  in 

Court  of  Private  Land  Claims,  letter  relative  to  increasing  ap- 
propriation for 

Courts,  estimates  for  additional  appropriations  for 

of  deficiency  in  appropriations.  __ 

DepartmerH  of  Justice,  list  of  minor  employes  in.. 

deficiencies  in 

submitting  deficiency  estimates  for 

marshals,  etc 

District  of  Columbia,  relief  of  bailiffs  and  criers  of  the  Su- 
preme Court  of 

English,  AllehR.,  submitting  estimate  for  payment  ofservices. 
Fox  and  Wisconsin  rivers,  award  of  damages  incident  to  im- 
provement of 

Government  dams,  submitting  papers  relative  to  injury  to  Mis- 
sissippi River  in  Minnesota 

Judgments,  submitting  list  of,  rendered  against  United  States 

since  February  9,  1891 

list  of,  rendered  in  circuit  and  district  courts 

McNeils  Island  penitentiary,  relative  to  water  supply  of 

Mission  Indians,  relative  to  continuing  special  attorney  for 

Prisons,  letter  requesting  appropriation  for  erection  of 

Reading  Railroad  Company,  response  to  resolution  of  House  as 

to  whether  it  has  violated  the  antitrust  law 

Sugar  trust,  response  to  inquiry  of  the  House  relative  to  suit 

against 

United  States  prisons,  relative  to  appropriations  to  erect 

Utah  penitentiary,  estimate  for  electric-light  plant.  

estimates  of  appropriations 

transmitting  letters  of  U.  S.  marshal  - rela- 
tive to,  part  2 

Barnegat  and  Navesink,  N.  J.,  to  reconvey  site  to  owners  at 

Beers,  C.  W.,  claim  of 

Big  Sandy  River,  Kentucky,  report  on  movable  dam  near  Louisa  _ 

Big  Stone  Lake,  report  of  survey 

Bishop,  Joshua,  petition  for  relief 

Board  of  Ordnance  and  Fortification,  report  of 

Bonds  of  United  States,  response  to  resolution  of  House  relative  to 

extension  of  41  per  cents 

Borland,  T.  R.,  attorney,  expenses  of,  in  procuring  land  for  light- 
house depot  at  Portsmouth 

Brazos  River,  Texas,  report  of  examination  of 

Brunswick  Outer  Bar,  Georgia,  report  of  survey 

Bureau  of  Statistics  ( see  also  Treasury  Department): 

Report  of  foreign  commerce,  etc.,  part  1 

Report  on  internal  commerce,  part  2 

Ca.nopitsit  Channel.  Massachusetts,  report  of  survey 

Cape  Fear  River,  North  Carolina,  estimates  for  lighting  new  chan- 
nel in = 

Cheyennes.  ( See  Indians.") 

Chicago,  111.,  papers,  etc.,  relative  to  question  of  jurisdiction  of 

harbor  of 

Chile,  message  of  the  President  on 

Chinese  exclusion  acts,  estimates  of  appropriation  to  enforce 

Chippewas.  ( See  Indians.) 

Civilian  engineers,  list  of,  employed  on  rivers  and  harbors,  com- 
pensation, etc 

Civil  Service  Commission,  annual  report  of 
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206 

37 

84 
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37 
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37 
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37 

245 
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37 

220 

37 

215 

37 

222 

37 

178 

35 
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29 

243 

37 

78 
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97 

34 

130 

34 

238 

37 

225 

37 

130 

34 
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.34 

139 

35 

139 

35 
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35 
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35 

25 

29 
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34 

50 

33 

12 

29 
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34 

230 

37 

63 

33 

34 

30 

6 

27 

6 

28 

59 

33 

117 

34 

270 

37 

91 

34 

244 

37 

75 

33 

1 

22 
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Subject. 


Claims-: 

Allowed  by  accounting  officers  and  paid  from  indefinite  appro- 
priations   

Allowed  by  accounting  officers  of  the  Treasury  Department 

(exhausted  balance,  etc.) 

Bailiffs  for  1880,  estimates  for  payment  of 

New  Jersey  district,  for  1891 

Certain,  of  Oregon  and  Washington  Indian  war 

Deficiency  in  appropriation  for  defending  suits  in,  against 
United  States 


Services  of  deputy  marshals  in  Alabama. 


Under  Fourth  of  July  act  allowed  since  February  1,  1891 

Clarendon  and  Lower  White  rivers,  Arkansas,  report  of  survey. .. 

Coast  and  Geodetic  Survey,  report  of  changes  made  in  force  of 

expenditures  for  1891 

Superintendent  of,  part  1 

part  2 

Coinage,  gold  and  silver,  response  to  House  resolution  asking 

amount  of,  from  June  30,  1891,  to  March  1,  1892  

Columbia  (Tenn.)  Arsenal,  supplemental  appropriations  for 

Columbia  (Upper)  River  and  Aucke  River,  letter  suggesting  ex- 
tension of  improvement  to  Asotin 

Columbia  River,  report  of  Secretary  of  War  on  survey  of 

Washington,  report  on  survey  of 

Commercial  relations,  report  of  United  States  consuls  on 


communication  from,  relative  to 
legalizing  records  in  Indian  Of- 
fice   

Commissioner  of  Internal  Revenue,  report  of 

Commissioner  of  Labor,  seventh  annual  report  of 

Comptroller  of  the  Currency,  annual  report,  part  1 


Conneaut  Harbor,  Ohio,  report  of  survey 

Constantinople,  salary  of  interpreter  at 

Consuls,  report  of,  on  commercial  relations 

Contract  labor  laws,  report  of  expenditures  for  enforcement  of 

Court  of  Claims,  estimate  of  appropriation  for  additional  space  for 

files  of 

list  of  judgments  rendered  by 

list  of  costs  in  defending  the  Government  in  suits  in 
Court  of  Private  Land  Claims,  relative  to  increasing  estimates  for 

estimates  for  printing  notice  of  or- 
ganization of 

Courts  of  United  States  : 

Bailiffs  and  criers  in  supreme  court  of  the  District  of  Colum- 
bia, payment  of  wages  to 

Claims  of  bailiffs  of,  for  1887,  estimates  for  payment  of 

Claims  of  bailiffs  of  New  Jersey  district  for  1891 

Deficiency  in  appropriation  for 

Estimates  for  additional  appropriations  for 


Crooks,  James,  claim  of 

Currency,  relative  to  free  transportation  of 

report  of  Comptroller  of.  part  1 

Customs  duties,  etc.,  letter  with  detailed  statement  of 

Customs,  estimate  of  appropriations  for  collection  of 

Customs  service,  official  emoluments  of  officers  in 

estimate  of  appropriation  for.  in  connection  with 
World’s  Faiv 


Cypress  Bayou,  Louisiana  and  Texas,  report  on 
Deer  Point,  Pensacola  Bay,  Florida,  estimate  to 


survey  

to  erect  light. 


No. 

Vol. 

184 

35 

199 

35 

257 

37 

259 

37 

203 

37 

150 

35 

144 

35 

210 

37 

208 

37 

118 

34 

180 

35 

151 

35 

43 

31 

43 

32 

177 

35 

121 

31 

77 

33 

38 

30 

36 

30 

204 

37 

8 

29 

73 

33 

4 

22 

232 

38 

3 

24 

3 

25 

42 

30 

. 110 

34 

. 204 

37 

. 162 

35 

. 186 

35 

. 211 

37 

. 266 

37 

84 

34 

. 224 

37 

. 220 

37 

257 

37 

- 259 

37 

. 194 

35 

- 223 

37 

243 

37 

95 

34 

68 

33. 

3 

24 

. 124 

34 

11 

29 

. 120 

34 

. 260 

37 

. 126 

34 

167 

35 
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Subject. 


Deficiencies.  ( See  Appropriations/) 

Delaware  Bay,  report  of  estimate,  etc.,  for  harbor  of  refuge 

Department  of  Agriculture,  annual  report  of  Secretary  on 

statement  of  expenditures  in  the 

Department  of  the  Interior,  annual  report  on  operations  of 

contingent  expenses,  statement  of  ex- 
penditures for 

Office  of  Indian  Affairs,  in  relation  to 

a chief  clerk  for 

Department  of  Justice,  deficiency  estimates  for  marshals,  etc 

employes  in,  list  of  minor 

estimates  of  deficiencies  in j 

Department  of  State,  consulates,  estimates  of  deficiency  for  contin- 
gent expenses  of _ 

estimates  of  appropriation  for  printing  and 

binding  for 

manuscript  papers,  letters,  relative  to  bind- 
ing of 

public  documents,  relative  to  Senate  bill 

1549,  for  distribution,  etc.,  of 

Desert  lands.  ( See  Public  lands.) 

Director  of  the  Mint,  annual  report 

District  of  Columbia,  annual  report  of  Commissioners  of 

electrical  commission,  report  of 

estimates  of  deficiencies  in  appropriations^  _ 

rent  of  buildings  in,  by  the  Government 

report  of  superintendent  of  charities  of 

statement  showing  buildings  rented  in,  by 

Post-Office  Department 

supplemental  estimates  of  deficiencies  in  ap- 
propriations for . 

Doboy  and  Sapelo,  Georgia,  report  of  survey  of  inner  route  be- 
tween   

Dominican  Republics,  response  to  House  resolution  relative  to  con- 
cessions by 

statement  of  imports  and  exports  to,  1890  and  j 

1891 , ( 

Dry  dock,  Gulf  of  Mexico,  report  of  survey 

Eastern  Branch,  Potomac  River,  letter  of  Secretary  of  War  with 

report  of  survey 

Educational  report 

Electrical  Commission  of  the  District  of  Columbia,  report  on  loca- 
tion, arrangement,  and  operation  of  electric  wires 

Eleventh  Census,  request  for  immediate  action  on  estimate  to  con- 
tinue   

•Elliott,  George  H.,  for  relief  of 

Ellis  Island,  receipts  on  account  of  immigrant  station  at 

Engineers,  annual  report  of  Chief  of 

English,  Allen  R,,  estimates  to  pay  for  services 

Examining  surgeons,  letter  transmitting  deficiency  estimates  for 

fees  and  expenses  of 

Fernandez,  Joseph,  relief  of 

Finance  report,  Secretary  of  the  Treasury 

Fish  and  Fisheries,  Albatross  (steamer),  estimate  relative  to  de- 
ficiency by  expenses  of,  to  Alaska 

Fish  hatchery,  Vermont,  estimates  for  completion  of 

Fond  du  Lac  Chippewas.  (See  Indians.) 

Foreign  commerce  and  navigation,  etc.,  report  of  Chief  of  Bureau 

of  Statistics  on 

Foreign  relations 

Fortifications,  armament  of,  special  estimate  for 

Fort  Monroe,  Va.,  estimates  for  sewerage  system  of 


No. 


Vol. 


112 

34 

1 

20 

55 

33 

1 

14-16 

47 

33 

193 

35 

267 

37 

247 

37 

201 

37 

245 

37 

263 

37 

242 

37 

164 

35 

189 

35 

200 

35 

1 

29 

15 

27 

253 

37 

241 

37 

46 

30 

227 

37 

233 

37 

62 

33 

123 

34 

106 

34 

107 

34 

79 

33 

30 

30 

1 

19 

15 

29 

51 

33 

143 

35 

147 

35 

1 

3-8 

215 

37 

217 

37 

185 

35 

2 

23 

103 

34 

255 

37 

6 

27 

1 

1 

182 

35 

172 

35 
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Subject. 


Fort  Sullivan  Reservation,  Eastport,  Me.,  draft  of  bill  restoring  i 

to- War  Department 

Fourth  of  July  claims,  list  of,  examined  and  allowed  since  Febru- 
ary 1,  1891 

Fox  and  Wisconsin  rivers,  award  of  damages  incide  nt  to  improve- 
ment   _ _ 

Geographic  names,  report  of  United  States  board  of 

Geological  Survey,  part  1 (geology) 

part  2 (irrigation) 

Gilman,  John  R.,  claim  of __ 

Gold  and  silver  certificates,  report  of,  issued  since  1878 

Government — 

Deficiency  in  appropriation  for  defending  suits  for  claims 

against 

Rent  of  buildings  in  District  of  Columbia  by  the 

Report  with  list  of  judgments  rendered  against  - 

Grand  Army  of  the  Republic,  letters  recommending  appropriation 
for  reception  and  entertainment  of,  in  the  District  of  Columbia  __ 

Grand  Rapids,  Mich.,  report  of  survey  below  Grand  Rapids 

Grand  River,  Ohio,  report  of  survey 

Great  Lakes,  report  on  obstructions  to  navigation  in 

Greenville,  S.  C.,  relative  to  heating  apparatus  for  public  building 

at 

Guns,  estimate  of  appropriation  for  machine  guns  of  small-arms 

caliber 

type,  and  others,  report  showing  cost  of 

Harlan  and  Hollingsworth  Company,  claim  of 

Hot  Springs,  Ark.,  Army  and  Navy  hospital,  estimates  for  improve- 
ment, etc.,  of  grounds 

Hudson  River,  report  relative  to  improvement  of  navigation  of 

Immigration  and  tonnage,  report  of  Chief  of  Bureau  of  Statistics  on  - 

Indian  Department,  table  of  disbursements  for,  etc 

Indian  lands,  relative  to  illegal  grazing  of  cattle  on 

Indian  Office: 

Communication  from  Commissioner  of  Indian  Affairs  relating 

to  legalizing  records  in 

Payment  of  certain  per  diem  clerks 

Indian  service,  estimate  of  deficiency  in  appropriations  for 

Indians: 

Arapaho,  Cheyenne,  estimate  of  support  of 

Cheyenne  and  Arapaho  land  in  Oklahoma 

Chippewas  in  Minnesota,  estimates  for  relief  and  civilization  of- 

Fond  du  Lac,  Chippewas,  estimates  for  appropriation  for 

Kickapoos,  agreement  of  Cherokee  Commission  with 

Land  patents,  relative  to  acceptance  and  surrender  of  certaiu , 

and  cancellation  of 

Legal  costs  incurred  by,  in  contests  relating  to  public  lands,  es- 
timate for  payment 

Missions,  estimate  to  continue  attorney  for 

Pyramid  Lake  Reservation,  agreement  entered  into  with 

Report  of  subsistence  of,  who  have  no  treaty  funds,  etc. 

Shoshone  and  Arapaho,  agreement  entered  into  with 

Sioux,  deficiency  estimates  for  subsistence  of  the 

Warm  Springs  Reservation,  report  on  correct  location  of,  etc. 
Umatilla  Reservation,  estimate  of  cost  of  sale  and  allotment  of. 
Indian  Territory: 

Illegal  grazing  of  cattle  on  certain  lands  in 

Inspectors  of  mines,  message  of  President  transmitting  peti- 
tion of  miners  for  appointment  of 

Inspector-General,  report  of  (see  also  War  Department^ 

Intercontinental  Railway  Commissioners,  estimate  of  appropriation  j 

Interior  Department.  ( See  Department  of  the  Interior.)  J 


No. 

Vol. 

237 

37 

208 

37 

222 

37 

10 

29 

1 

17 

1 

18 

85 

34 

100 

35 

150 

35 

241 

3 i 

9 

29 

173 

35 

197 

35 

61 

33 

24 

29 

188 

35 

129 

34 

13 

29 

202 

37 

156 

35 

23 

29 

6 

27 

8 

29 

265 

37 

73 

33 

133 

34 

145 

35 

198 

35 

10 

29 

104 

34 

80 

34 

72 

33 

273 

37 

83 

24 

97 

34 

71 

33 

66 

33 

7 J 

33 

64 

33 

69 

33 

82 

34 

265 

37 

132 

34 

1 

11 

113 

34 

- 
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IX 


Subject. 


Internal  commerce,  report  of  Chief  of  Bureau  of  Statistics  on 

Internal  revenue,  report  of  Commissioner 

Interstate  Commerce  Commission,  additional  estimate  for  litiga- 
tion to  carry  out  orders  of 

Iron  and  steel,  report  of  tests  on  (1891) 

Jamaica  Bay,  New  York,  report  of  survey  of 

Judgments,  report  of,  rendered  against  the  United  States  since 

February  9,  1891 

Kennebec  River,  Maine,  report  of  survey  of,  from  Waterville  to 

Augusta 

Kettlewell,  S.  H.,  relative  to  claim  of 

Keystone  National  Bank,  estimate  of  appropriation  for  investiga- 
tion of 

Kickapeos.  [See  Indians.) 

Labor,  seventh  annual  report  of  the  Commissioner  of - 

Land  entries,  list  of,  adjudicated 

Lights : 

Relative  to  erection  of,  etc.,  Cape  Fear  River,  North  Carolina . 

Deer  Point,  Pensacola  Bay,  Florida 

Salem  Creek,  New  Jersey  

Seul  Choix  Point,  Michigan 

Southwest  Ledge,  Connecticut 

Willamette  River,  Oregon  (mouth  of) 

Los  Angeles,  Cal.,  relative  to  heating  apparatus  for  public  build- 
ing at 

Lowry.  James  M.,  relative  to  act  for  relief  of - 

Lynn  Haven  Bay,  Virginia,  report  on  survey  

Macmastsr  & McGibbon,  relative  to  claim  of 

McNeils  Island,  Washington,  relative  to  water  supply  of  peniten- 
tiary at . _ _ - 

Mail  service,  new  service  established  on  railroads  since  March  4, 

1889 r x 

Marine  Corps,  relative  to  the  appropriation  for.  for  1893  

Marine-Hospital  Service,  to  employ  a laboratory  attendant 

Menemsha  Bight,  Mass.,  report  of  survey  of 

Military  posts,  estimate  to  construct  buildings  at,  and  to  enlarge, 

etc ... ^ 

traders,  builders’  estimates  of  appropriation  to  pay 

for . 

Milwaukee,  Wis.,  relative  to  sale  of  public  building  at 

Miners,  estimate  of  appropriation  to  carry  out  law  lor  the  protec- 
tion of  lives  of,  in  the  Territories 

Minnesota,  Government  dams,  relative  to  damage  to,  on  Missis- 
sippi River,  in  State  of 

Mint,  annual  report  of  Director  of 

. Mispillion  River,  Delaware,  report  of  survey 

Mississippi  River,  damage  to  Government  dams  on.  in  Minnesota- 
relative  to  backwater  from,  at  Clarendon  and 

Lower  White  River 

report  relative  to  damage  done  to  navigation  by 

logging  companies  in  Minnesota 

Missouri  River,  Montana,  report  of  survey  between  Great  Falls 

and  Stubbs  Ferry . 

Monks,  John,  & Son,  claim  of 

Murderkill  River,  Delaware,  report  of  survey  of 

National  banks,  report  of  Comptroller  on  ..... 

National  Home  for  Disabled  Volunteers,  estimate  of  appropriation 

for  improvement  of  Pa- 
cific branch  of  

relative  to  omission  of 
dates  in  appropriation 
for,  at  Washington,  D.  C. 
National  Zoological  Park,  estimate  of  appropriation  for  


No. 

Vol. 

6 

28 

4 

22 

170 

35 

161 

36 

29 

30 

9 

29 

76 

33 

88 

34 

119 

34 

232 

38 

100 

34 

117 

34 

167 

35 

89 

34 

190 

35 

90 

34 

116 

34 

188 

35 

87 

34 

27 

29 

251 

37 

78 

33 

272 

37 

261 

37 

252 

37 

60 

33 

105 

34 

207 

37 

65 

33 

169 

35 

178 

35 

200 

35 

57 

33 

178 

35 

163 

35 

183 

35 

114 

34 

206 

37 

21 

29 

3 

25 

145 

35 

98 

34 

102 

34 
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Subject. 


Navy  Department,  list  of  employes  in 

printing  and  binding  for,  proposed  amendment 

to  Senate  bill,  relative  to  _ _ , 

Navy  report 

Nell  (United  States  launch),  losses  by  employes  on.  by  sinking  of... 
New  Mexico,  relative  to  appropriation  to  new  hall  for  use  of  the 

legislature  of 

relative  to  unsurveyed  lands  in 

New  River  and  Swansboro,  N.  C.,  report  on  survey  of  water  way 

between 

Ocean  mail  service,  response  of  Postmaster-General  to  House  res- 
olution of  inquiry 

Oklahoma,  claims  of  parties  acting  as  deputy  marshals 

illegal  grazing  of  cattle  on  certain  lands  in 

Olympia  Harbor,  Washington,  report  on  survey  of 

Pacific  Coast,  California,  report  of  examination  for  deep-water 

harbor  on 

Paper,  letter  relative  to  disposition  of  useless,  in  Department  of 

State i 

Patrol  (U.  S.  S. ) losses  of  crew  of 

Penobscot  River,  Maine,  report  on  survey  of 

Pensions,  estimate  of  deficiency  in  appropriations  for 

Port  Day,  New  York,  report  of  survey  of 

Postal  service,  estimates  of  deficiencies  in 

Postmaster- General : 

Communications  from — 

Annual  report 

Conference  of  Postmasters,  response  to  resolution  of  the 

House  for  information  of 

District  of  Columbia,  statement  in  response  to  House  reso- 
lution of  buildings  rented  by  Post-Office  Department 

Post-office  appropriation  bill 

Mail  service,  response  to  House  resolution  of  inquiry  relative 
to  new  service  established  on  railroads  since  March  4,  1889. . 
Ocean  mail  service,  response  to  House  resolution  of  inquiry.. 
Post-Office  Department,  relative  to  increase  of  force  in  money- 

order  diyision 

Washington  (District  of  Columbia)  post-office,  letter  relating  to 

appropriation  for  equipment 

World’s  Columbian  Exposition,  relative  to  postal  service  for.. 
Postmasters,  report  of  Postmaster-General  relative  to  confer- 
ence of,  at  Washington,  D.  C 

Post-OfficeDepartment, estimates  forincrease  of  force  in  money- 

order  division 

Letter  of  Postmaster-General  relating  to  appropriation  bill 

for  the 

Potomac  River  (eastern  branch),  report  of  survey 

Potomac  River  (up  to  Washington),  report  of  survey : 

President  of  the  United  States: 

Communications  from — 

Annual  message  and  foreign  relations 

Chile,  concerning  outrages  on  American  sailors 

Crooks,  James,  transmitting  message  relative  to  claim  of 

Dominican  Republics,  transmitting  reply  to  House  resolution 

for  information  of  concessions  granted  by  the... 

Dry  Dock,  Gulf  of  Mexico 

Geographic  names,  letter  transmitting  report  of  United  States 

board  of 1- 

Grand  Army  of  the  Republic,  transmitting  communication  from 
the  Commissioners  of  the  District  of  Columbia  relative  to  an 
appropriation  for  reception  of,  etc 


No. 

Vol. 

92  j 

34 

179  1 

35 

1 

12 

93 

34 

236 

37 

214 

37 

26 

29 

159 

35 

j 144 

35 

( 210 

37 

265 

37 

32 

30 

39 

30 

118 

34 

264 

37 

37 

30 

229 

37 

67 

33 

j 216 

37 

( 192 

35 

1 

13 

196 

35 

‘ 227 

37 

226 

37 

272 

37 

159 

"35 

213 

37 

140 

35 

246 

37 

196 

35 

213 

37 

226 

37 

30 

30 

32 

30 

1 

1 

91 

34 

95 

34 

123 

34 

79 

33 

16 

29 

173 

35 
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Subject. 


President  of  the  United  States: 

Communications  from — 

Inspector  of  mines  in  Indian  Territory,  transmitting  petition 

of  miners  for 

Kickapoo  Indians,  transmitting  agreement  with 

Mission  Indians,  transmitting  report  of  commission  on  relief  of 
Pyramid  Lake  Reservation,  transmitting  agreement  entered 

into  with  Indians  on 

Shoshone  and  Arapaho  Indians. transmitting  agreement  with. 

World’s  Columbian  Commission,  transmitting  report  of 

Price,  Rodman  M.,  relative  to  act  for  relief  of 

Printing.  ( See  Public  Printer.) 

Prisons,  estimates  for  erection  of 

Public  documents,  report  from  Secretary  of  the  Interior  on  receipt, 

- distributions,  and  sales  of  by  Department  of  the  Interior 

Public  Lands: 

Desert-land  law,  relative  to  amount  issued  under 

List  of  adjudicated  land  entries 

Public  Printer,  letter  from,  containing  estimates  of  deficiencies  for 

printing 

Puerto  Rico.  ( See  Dominican  Republics,  etc.) 

Puget  Sound,  Washington,  report  on  cost,  etc.,  of  canal  to  connect 

Lakes  Union,  Samamish,  and  Washington  with 

Rainy  Lake  River,  request  for  appropriation  to  establish  Govern- 
ment post  at  mouth  of 

Reading  Railroad  Company,  response  to  resolution  of  inquiry  from 

House  as  to  violation  of  antitrust  law  by 

Red  Cross,  estimate  of  appropriation  to  represent  United  States  at 

Fifth  International  Conference 

Red  River  of  the  North,  Minnesota,  survey  of  above  Fergus  Falls 

and  Crookston 

Requisitions,  letter  of  Secretary  of  Treasury  in  response  to  resolu- 
tion of  inquiry  as  to  unpaid 

Revenue-Cutter  Service,  estimates  for  steamer  for  Baltimore,  Md. 

estimates  to  construct  vessels  for^ 

Rifle  competitions,  relative  to  commutation  of  rations  for  contest- 
ants in 

Rock  Hall  Harbor,  Maryland,  report  of  survey 

Rock  Island  Arsenal,  estimate  of  appropriation  for 

Rock  Island  Arsenal  and  bridge,  supplemental  estimates  of  appro- 
priations for 

Sabine  River,  Texas,  report  of  examination  of 

St.  Mary  Falls  Canal,  report  of  commerce  passing  through 

St.  Louis  River,  Minnesota  and  Wisconsin,  report  of  survey 

Salem  Creek,  New  Jersey,  to  establish  light  at  mouth  of 

Salt,  letter  of  Secretary  of  Treasury,  with  certain  information  rela- 
tive to  importation  of 

San  Diego,  post  and  harbor  defenses  near,  report  of  examination 

for  site 

San  Joaqun  River,  California,  report  of  survey  of 

Savannah-Fernandina  Waterway,  report  of  survey 

• Seal  Islands.  ( See  Alaska.) 

Secretary  of  Agriculture: 

Communication  from — 

Annual  report  of 

Department  of  Agriculture,  detailed  statement  of  expendi- 
tures of 

Secretary  of  the  Interior: 

Communications  from — 

Annual  report  of  (in  five  volumes) — 

The  Secretary  (vol.  1) 

The  Secretary  (vol.  2) 

The  Secretary  (vol.  3) 


No. 

Vol. 

132 

34 

72 

33 

96 

34 

71 

33 

70 

33 

142 

35 

45 

30 

130 

34 

74 

33 

187 

35 

100 

34 

137 

25 

m 

40 

30 

158 

35 

238 

37 

176 

35 

127 

34 

I 218 

37 

\ 274 

37 

122 

34 

85 

34 

160 

35 

56 

33 

191 

35 

121 

34 

20 

29 

18 

29 

58 

33 

89 

34 

148 

35 

14 

'29 

108 

34 

41 

30 

1 

20 

55 

33 

I 

14 

1 

15 

1 

16 
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Subject. 

1 

No.  j 

Vol. 

Secretary  of  the  Interior: 

Communications  from — 

Cheyenne  and  Arapaho  Indians,  estimate  of  appropriation 
for  support  __  _ 

198 

232 

35 

Commissioner  of  Labor,  seventh  annual  report _ 

38 

Deficiencies,  letter  of  estimates  of  additional,  in  appropriations 
for  Interior  Department 

131 

34 

Department  of  Interior,  contingent  expenses,  statement  of  ex- 
penditures for _ _ 1 

47 

33 

Desert  land  law,  response  to  House  resolution  asking  for  infor- 
mation as  to  disposal  of  public  land  under _ 

187 

35 

Director  of  the  Geological  Survey,  part  1 ___  _ 

i ! 

17 

Director  of  the  Geological  Survey,  part  2 

i 

18 

Educational  report..  _ 

l 

19 

Examining  surgeons,  estimates  of  fees  and  expenses  of 

217 

37 

Gilman.  John  R.,  submitting  papers  in  claim  of _ _ 

86 

34 

Indians,  Chippewas,  in  Minnesota,  submitting  estimates  for 
relief  and  civilization  of 

104 

34 

estimates  to  pay  costs  of.  in  public  land  contests.--  _l 

83 

34 

Fond  du  Lac  Chippewa,  estimates  for 

80 

34 

statement  of  subsistence  for,  who  have  no  treaty 
funds,  etc 

66 

33 

Umatilla  Reservation,  estimates  of,  cost  of  sale,  and 
allotment  of. _ _ __  _ 

82 

‘ 34 

Indian  land  patents,  relative  to  authority  to  accept  and  cancel 
certain  _ _ __  

273 

37 

Indian  lands,  response  to  House  resolution  relative  to  illegal 
grazing  of  cattle  on,  in  Indian  Territory  and  Oklahoma,- 

265 

37 

Indian  Office,  letter  relative  to  appropriation  to  pay  certain 
per  diem  clerks  in  _ 

133 

34 

Indian  service,  estimate  of  appropriation  for  deficiencies  in  ___ 

145 

35 

Kickapoo  Indians,  submitting  agreement  with 

72 

33 

Land  entries,  transmitting  list  of  adjudicated 

100 

34 

Miners,  submitting  estimates  to  carryout  provisions  of  law  for 
protection  of . in  the  Territories _ __  _ __  _ __  

169 

35 

Mission  Indians,  estimates  to  continue  special  attorney  for 

transmitting  report  of  Commission  for  relief  of  - 

97 

34 

96 

34 

New  Mexico  and  Arizona,  response  to  resolution  of  House  rela- 
tive to  unsurveyed  lands  in ___  __  -__ 

214 

37 

Office  of  Indian  Affairs,  request  for  a chief  clerk  in 

Oklahoma,  lands  of  Cheyennes  and  Arapahoes  in 

193 

35 

10 

29 

Pensions,  submitting  estimates  of  deficiency  in  appropriations 
for 

229 

37 

Public  documents,  report  of  receipt,  distribution,  and  sales  of, 
etc  _ - 

1 

74 

33 

Pyramid  Lake  Reservation,  submitting  agreement  entered  into 
with  _ _ _ __  __  _ 

71 

33 

Records  of  Indian  Office,  communication  relative  to  legalizing. 

73 

33 

Shoshone  and  Arapaho  Indians,  submitting  agreement  of 

70 

33 

Warm  Springs  Indian  Reservation.  Oregon,  report  of  commis- 
sioners on  correct  location  of 

69 

33 

Wilson  & Goss,  for  relief  of__ f 

254 

37 

Secretary  of  the  Navy: 

Communications  from — 

Annual  report  _ •_ 

1 

12 

Bishop,  Joshua,  submitting  petition  of,  for  relief 

56 

| 33 

Dry  dock,  Gulf  of  Mexico,  report  of  survey  

79 

33 

Harlan  and  Hollingsworth  Company,  claim  of ___ 

202 

37 

Hot  Springs  Army  and  Navy  Hospital,  estimate  for  improve- 
ment of  grounds  of  

156 

35 

Marine  Corps,  relative  to  the  appropriation  for  1893  for 

261 

37 

Monks,  John  & Son,  papers  relating  to  claim  of 

206 

37 

Navy  Department,  trasmittiug  list  of  employes  in 

92 

34 
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Subject. 


Secretary  of  the  Navy: 

Communications  from — 

Printing*  and  binding  for  Navy  Department,  proposed  amend- 
ment to  Senate  bill  relating  to 

Vanderbilt,  F.  W.,  papers  in  claim  of 

Secretary  of  State: 

Communications  from — 

Alaska,  relative  to  appropriation  for  survey  of  boundary  of 

American  association  of  students  (Paris)  submitting  papers 

relative  to 

Arbitration,  request  for  appropriation  to  execute  treaty  with 

Great  Britain 

Constantinople,  submitting  estimates  for  interpreter  at 

Consulates,  estimates  of  deficiencies  for  contingent  expenses 

of 

Crooks,  James,  submitting  papers  in  case  of 

Dominican  Republics,  letter  of,  relative  to  concession  of 

Manuscript  papers,  relative  to  binding  of,  for  Department  of 

State 

Papers,  letter  relative  to  disposition  of  useless 

Printing  and  binding  for  State  Department,  letter  relative  to 

appropriations  _ 

Secretary  of  the  Treasury: 

Communications  from — 

Annual  report  on  finances 

Alaska,  transmitting  estimate  for  survey  of  boundary  of 

Albatioss  (steamer),  estimate  of  expenses  of,  in  Bering  Sea  __ 
transmitting  estimates  of  deficiency  caused 
by  sending  to,  Alaska  under  direction  of 

the  President 

Antietam,  estimates  for  battle  lines  and  sites  at 

Appropriations,  Annual  Book  of  Estimates 

deficiency  for  the  various  Departments 

permanent  and  indefinite,  letter  relative  to 

House  bill  448  to  repeal 

Arbitration,  transmitting  request  for  appropriation  for,  be- 
tween United  States  and  Great  Britain 

Armament  of  fortification,  transmitting  estimates  for 

Army,  Pay  Department,  transmitting  letter  relative  to  relief  of _ 

Army  transportation,  submitting  list  of  claims  for,  allowed 

Association  of  American  students  (Paris),  transmitting  letter 

relative  to  rent  of  building  for 

Assistant  register,  to  amend  law  for  substitute  in  case  of  va- 
cancy, etc 

Barnegat  and  Navesink,  N.  J.  to  reconvey  site  to  owner 

Beers,  C.  W.,  claim  of 

Bonds  of  United  States,  response  to  resolution  of  House  rela- 
tive to  extension  of  4i  percents 

Bureau  of  Statistics,  request  for  additional  clerk  . for 

Cape  Fear  River,  North  Carolina,  transmitting  estimates  for 

lighting  new  channel  in 

Cheyenne  and  Arapaho  Indians,  estimates  for  appropriation 

for  support 

Chicago,  111.,  tiansmitting  letter  relative  to  jurisdiction  over 

harbor  of 

Chinese  exclusion  acts,  estimates  of  appropriation  to  enforce __ 
Claims,  deficiency  in  appropriation  for  defending  suits  in, 

against  United  States 

allowed  by  accounting  officers,  letter  with  list  of  (ex- 
hausted balances  due) 

allowed  by  accounting  officers  and  paid  from  indefinite 
appropriations  


No. 

Vol. 

179 

35 

206 

37 

111 

34 

165 

35 

212 

37 

110 

34 

263 

37 

95 

34 

123 

34 

164 

35 

128 

34 

242 

37 

2 

23 

111 

34 

168 

35 

103 

34 

146 

35 

5 

26 

\ 94 
\ 205 

j-  26 

152 

35 

212 

37 

182 

35 

135 

34 

258 

37 

165 

35 

256 

39 

149 

35 

195 

35 

134 

34 

228 

37 

117 

34 

198 

35 

270 

37 

244 

37 

150 

35 

199 

35 

184 

35 
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Subject. 

No. 

Vol. 

Secretary  of  the  Treasury: 

Communications  from — 

Claims,  certain,  of  Oregon  and  Washington  Indian  wars.  

203 

37 

of  bailiffs,  transmitting  estimate  for  payment  of  cer- 
tain, for  1889 

25 7 

37 

of  bailiffs  of  New  Jersey  district  for  1891,  transmitting 
letter  relating  to__-  

259 

37 

Coast  and  Geodetic  Survey,  transmitting  renort  of  changes  in. 

180 

35 

transmitting  report  of  expendi- 
tures of,  1891 

151 

35 

Coinage,  gold  and  silver,  response  to  House  resolution  asking 
amount  of,  from  June  30,  1891,  to  March  1, 1892  

177 

35 

Columbia  (Tenn.)  Arsenal,  transmitting  letter  of  supplemental 
estimates  for 

121 

34 

Commissioner  of  Internal  Revenue 

4 

22 

Contract  labor  laws,  report  of  expenditures  for  enforcement  of. 

162 

35 

Court  of  Claims,  estimates  of  appropriations  for  additional 
space  for  fifes  of 1 

186 

35 

transmitting  list  of  costs  unpaid  in  suits  in___ 

266 

37 

transmitting  lists  of  judgments  of - _ 

211 

37 

Court  of  Private  Land  Claims,  accounts  for  printing  notice  of 

organization  of 

224 

37 

transmitting  letter  for  increas- 
ing estimates  for 

84 

34 

Courts  of  the  United  States,  estimates  for  additional  appro- 
priations for . _ . 

223 

37 

transmitting  estimates  of  defi- 
ciency in  appropriations 

194 

35 

Currency,  relative  to  free  transportation  of . 

68 

33 

Customs,  submitting  estimates  of  appropriations  for  collection 
of  revenue  from  ! 

11 

29 

Customs  duties,  etc.,  detailed  statement  of  refund  of  

124 

34 

Customs  service,  transmitting  abstract  of  official  emolument  of 
officers  in  - _ _ _ _ 

120 

34 

Deer  Point.  Pensacola  Bay,  Fla.,  estimate  to  erect  light 

167 

35 

Department  of  Interior,  transmitting  letter  of  additional  esti- 
mates of  deficiencies  in 

131 

34 

Department  of  Justice,  estimates  of  deficiencies  in _ 

f 201 
( 245 

37 

37 

Department  of  State,  for  printing  and  binding.  ... 

242 

37 

transmitting  letter  relative  to  pay  of 
interpreter  at  Constantinople 

110 

34 

transmitting  estimates  of  deficiency  for 
contingent  expenses  of  consulates 

263 

37 

transmitting  letter  relative  to  binding 
manuscript  papers  in_  __  

164 

35 

District  of  Columbia,  submitting  supplemental  estimates  of 
deficiencies  in  appropriations  for 

233 

37 

rent  of  buildings  in,  re- 
sponse to  House  resolu- 
tion __  

241 

37 

transmitting  estimates  of  deficiency  in 
appropriations 

253 

37 

transmitting  report  of  superintendent  of 
charities  _ ' . 

46 

30 

Dominican  Republics,  etc.,  submitting  statement  of  exports 

j 106 

1 34 

and  imports  to,  1890,  1891 -- 

l 107 

Eleventh  Census,  request  for  immediate  action  on  estimates  to 
nonti  fin  ft  - - 

51 

33 

Ellis  Island,  response  to  House  resolution  for  receipts  on  ac- 
count of  immigrant  station  on.  _ 

147 

35 

English,  Allen  R.,  transmitting  estimate  to  pay  for  services  of. 

215 

37 
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XV 


Subject. 


Secretary  of  the  Treasury: 

Communications  from — 

Examining  surgeons,  letter  transmitting  deficiency  estimates 

for  fees  and  expenses  of 

Fernandez,  Joseph,  relief  of 

Fish  hatchery,  Vermont,  transmitting  estimate  for  completion 

of 

Fort  Monroe,  transmitting  estimates  for  sewerage  system  for.. 
Foreign  commerce  and  navigation,  report  of  chief  of  the  Bu- 
reau of  Statistics  on  (part  1) 

Fourth  of  July  claims,  list  allowed  since  February  1, 1891 

Fox  and  Wisconsin  rivers,  award  of  damages  incident  to  im- 
provement of 

Gilman,  John  R.,  transmitting  letter  relating  to  claim  of 

Gold  and  silver  certificates,  report  of,  issued  since  January  1, 

1878 

Guns,  machine,  of  small  arms  caliber,  transmitting  letter  rela- 
tive to 

Harlan  & Hollingsworth  Company,  claim  of 

Hot  Springs  Army  and  Navy  Hospital,  transmitting  estimates 

for  improvement,  etc.,  of  grounds  of 

Indians: 

Chippewas  in  Minnesota,  transmitting  estimates  for  relief 

and  civilization  of 

Fond  du  Lac  Chippewas,  transmitting  estimates  _ 

Land  contests, transmitting  letter  relative  to  costs  in  cases  of . 

Missions,  transmitting  estimates  for  attorney  for 

Report  of  commission  for  relief  of 

Umatilla  Reservation,  transmitting  estimates  of 

cost  of  sale  and  allotment 

Indian  Office,  transmitting  letter  relative  to  appropriation  for 

per  diem 

Indian  Service,  transmitting  estimates  of  deficiencies  in  appro- 
priations for 

Intercontinental  Railway  Commissioners,  transmitting  esti- 
mate for  salaries  of 

Internal  commerce,  report  of  Chief  of  the  Bureau  of  Statistics 

on  (part  2) 

Interstate-Commerce  Commission,  transmitting  additional 

estimates  to  carry  out  orders  of 

Kettlewell,  S.H.,  submitting  papers  relative  to  claim  of 

Keystone  National  Bank,  transmitting  estimates  of  appropria- 
tion for  investigation  of 

Lowry,  James  M.,  report  relative  to  act  for  relief  of 

Macmaster  & McGibbon,  letter  relative  to  claim  of 

McNeils  Island,  penitentiary,  relative  to  water  supply  of 

Marine  Corps,  transmitting  letter  relative  to  appropriations 

for  1893  for 

Marine-Hospital  Service,  letter  relative  to  employment  of  a 

laboratory  attendant 

Milwaukee,  relative  to  sale  of  public  building  at 

Miners,  transmitting  estimate  to  carry  out  provisions  of  law 

for  protection  of  lives  of,  in  the  Territories 

Monks,  John  & Son,  transmitting  letter  relative  to  claim  of  . _ . 
National  Home  for  Disabled  Volunteers,  estimates  of  appro- 
priation for  improvement  of  Pacific  branch  of 

National  Zoological  Park,  transmitting  estimate  for 

New  Mexico,  submitting  papers  relative  to  hiring  hall  for 

legislature  of 

Ocean  mail  service,  estimates  for 

Official  business,  response  to  House  resolution  for  information 
relative  to  request  for  leave  of  absence  on. 


No. 

Vol. 

217 

37 

185 

35 

255 

37 

172 

35 

6 

27 

208 

37 

222 

37 

86 

34 

160 

35 

129 

34 

202 

37 

150 

35 

104 

34 

80 

34 

83 

34 

97 

34 

96 

34 

87 

34 

133 

43 

145 

35 

113 

34 

6 

28 

170 

35 

88 

34 

119 

34 

87 

34 

251 

37 

78 

33 

261 

37 

252 

37 

65 

33 

169 

35 

206 

37 

141 

35 

102 

34 

236 

37 

214 

37 

275 

37 
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Subject. 

No. 

Vol. 

Secretary  of  the  Treasury: 

Communications  from — 

Oklahoma,  claims  of  deputy  marshals  for  services 

j 144 
| 210 

175 

35 

Paper  for  checks  and  drafts,  submitting  estimates  for  purchase 
of _ _ _ 

37 

35 

Pensions,  transmitting  estimates  of  deficiency  in  appropriations 
for  _ __ 

229 

37 

Portsmouth  (Va.)  light-house  depot,  expenses  of  district  at- 
torney in  connection  with  . 

230 

37 

Postal  service,  estimate  of  deficiencies  in 

192 

35 

submitting  estimates  of  deficiencies  in 

216 

37 

Post-Office  Department,  transmitting  letter  relative  to  increase 
of  force  in  money-order  division  

213 

37 

Price,  Rodman  M. , transmitting  papers  relative  to  act  for  relief 
of .. 

45 

30 

Prisons,  transmitting  letter  asking  for  appropriations  for  erec- 
tion of . . _ _ 

130 

34 

Public  buildings,  estimate  for  heating  apparatus  in  ceitain 
cities  _ _ . _ _ _ 

188 

35 

Public  documents,  relative  to  Senate  bill  1549  for  distribution, 
etc.,  of-_  - _ _ . - 

189 

35 

Public  printing,  ti  ansmitting  estimates  of  appropriation  for  de- 
ficiencies - - - - _ _ _ _ 

137 

35 

Rainy  Lake  River,  request  for  appropriation  for  Government 
post  at  mouth  of  _ _ 

158 

35 

Red  Cross,  submitting  estimates  of  expenses  of  United  States 
delegates  to  Fifth  International  Conference  of 

176 

35 

Requisitions,  letter  in  response  to  inquiry  of  unfilled,  prior  to 
March  1,  1892  _ _ 

218 

37 

response  to  House  resolution  as  to  unpaid 

274 

37 

Revenue-Cutter  Service,  estimates  to  construct  vessels  for 

Revenue  steamer  for  Baltimore,  letter  for  additional  appropria- 
tions for 

85 

122 

34 

34 

Rock  Island  Arsenal  and  bridge,  transmitting  letter  of  supple- 
mentary estimates  for  __  . _ _ _ 

121 

34 

Rock  Island  Arsenal,  estimate  of  appropriation 

191 

35 

Salem  Creek,  New  Jersey,  submitting  estimates,  etc.,  for  light 
at  mouth  of  - - - - - - . __  _ 

89 

34 

Salt,  response  to  House  resolution  for  certain  information  rela- 
tive to  importation  of  

148 

35 

Seal  Island,  Alaska,  request  for  appropriation  for  food,  etc., 
for  natives  of  --  

154 

35 

Seul  Choix,  Pointe,  Mich.,  submitting  letters  relative  to  ad- 
ditional expenditures  for  light  station  at 

190 

35 

Sioux  Indians,  deficiency  estimates  for  sustenance  of  

64 

33 

Southwest  Ledge,  Conn.,  submitting  facts  relative  to  chang- 
ing light,  etc.,  to  steam  fog  whistle.-  

90 

34 

Springfield  (Mass.)  Arsenal,  transmitting  letter  of  supple- 
mental estimates  for 

121 

34 

Statistical  Abstract:  . 

Report  for  1891 - 

53 

33 

Submitting  draft  of  a bill  for  annual  printing  of  the 

54 

33 

Subsidiary  coin,  estimates  of  appropriation  for  recoinage  of  ... 
Sundry  civil  bill. relative  to  the  elimination  of  certain  lines  from. 
Tin  plate,  response  to  House  resolut ion  relative  to  drawbacks  on . 
Treasury  Department : 

Additional  space  for  certain  emploves  in _ . 

181 

271 

138 

248 

35 

37 

35 

37 

Information  relative  to  requests  for  leaves  on  official  busi- 
ness __  _ 

275 

37 

First  Comptroller’s  office,  relative  to  extra  work  by  em- 
ployes of 

268 

37 

Report  of  contingent  expenses. - 

44 

30 
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Secretary  of  the  Treasury: 
Communications  from — 


Subject. 


No. 


Vol. 


Treasury  notes,  to  extend  act  of  1872  to  certain 

United  States  prisons,  request  for  appropriation  to  carry  out 

act  for  erection  of - 

Utah  penitentiary: 

Transmitting-  estimate  for  electric  light  for 

Transmitting  letter  of  estimates  of  appropriation  for 

Vanderbilt,  F.  W.,  transmitting  papers  in  claim  of 

Wandrian  (English  schooner)  relative  to  appropriation  to  ad- 
just damages  to 

War  Department: 

Transmitting  estimates  for  additional  appropriations  for 

in  office  of  Inspector-General 

Transmitting  deficiencies  in  appropriation  for  printing 

and  binding 

Transmitting  supplemental  estimates 

Washington,  District  of  Columbia,  post-office,  transmitting 

letter  relating  to  appropriations  for  equipment 

Willamette  River,  Oregon,  transmitting  estimates  for  light 

at  mouth  of 

Wilson  & Gass,  for  relief  of 

World’s  Columbian  Exposition: 

Appropriations  and  expenditures  by  the  Government, 

statement  in  response  to  House  resolution 

Estimates  for  postal  service  for 

Estimate  of  appropriation  for  customs  service  in  connection 

with 

Estimate  for  Board  of  Lady  Managers  of 

Government  exhibit,  appropriation  necessary  

Secretary  of  War: 

Communications  from— 

Annual  report  of 

Engineers,  part  1 

Engineers,  part  2 

Engineers,  part  3 

.Engineers,  part  4 

Engineers,  part  5 

Engineers,  part  6 . 

Ordnance 

Signal  officers 

Arlington  cemetery,  relative  to  burial  of  families  of  officers in. 

Armament  of  fortifications,  estimates  for 

Arms,  obsolete,  etc.,  submitting  letter  relative  to  disposition  of. 
Army,  brevet  rank,  relative  to  amendment  of  act  of  February 

27,  1890 

brevets,  submitting  letter  relative  to  Senate  bill  2699. . 
communication  relative  to  relief  of  certain  officers  of 

the  pay  department ... 

infantry  arm,  submitting  petition  relative  to  reorgan- 
ization of__l 

report  of  civilian  employes  in  the 

sergeants  of  ordnance,  transmitting  letter  rela- 
tive to  clothing  allowance  for 

to  print  drill  regulations 

transmitting  bill  relating  to  desertions  from 

Big  Sandy  River,  Kentucky,  report  on  movable  dam  near 

Louisa 

Big  Stone  Lake,  report  of  survey 

Board  of  Ordnance  and  Fortifications,  letter  transmitting  re- 
port of 

Brazos  River,  Texas,  report  of  examination  of 

Brunswick  Outer  Bar,  Georgia,  report  of  survey. 


262 

130 

115 

139 

206 

234 


240 

136 

81 

140 

116 

254 


101 

246 

260 

157 

153 


1 

1 

1 

1 

1 

1 

1 

1 

1 

231 

182 

174 

249 
269 

135 

239 

19 

48 

250 
209 

25 

127 

12 

63 

34 


37 

34 

34 

35 
37 

37 


37 

35 

34 

35 

34 

37 


34 
37 

37 

35 
35 


2 

3 

4 

5 

6 

7 

8 
9 

10 

37 

35 

35 

37 

37 

34 

37 

29 


30 

37 

37 


29 

34 

29 
33 

30 
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Subject. 

No. 

Vol. 

Secretary  of  War: 

Communications  from — 

Canopitset  Channel,  Massachusetts,  report  of  survey 

59 

33 

Civilian  engineers,  list  of,  etc.,  employed  on  river  and  harbor 
work  _ _ _ 

75 

33 

Clarendon  and  Lower  White  River,  Arkansas,  report  of  survey . 
Columbia  (Tenn.)  Arsenal,  letter  of  supplemental  estimates  for  _ 
Columbia  (Upper)  and  Snake  rivers,  letter  suggesting  exten- 
sion of  improvement  to  Asotin 

118 

120 

77 

34 

34 

33 

Columbia  River  Washington,  report  on  survey  of 

36 

30 

Conneaut  Harbor,  Ohio,  report  of  survey 

42 

30 

Cypress  Bayou,  Louisiana  and  Texas,  report  on  survey  _ 

126 

34 

Delaware  Bay,  transmitting  report  of  examination  and  estimate 
for  harbor  of  refuge  _ __  __  __  _ ! 

112 

34 

Divisions  of  military  information,  letter  relating  to  additional 
room  for  __  __  _ _ - _ _ 

221 

37 

Doboy  and  Sapelo,  Georgia,  report  of  survey  of  inner  route  be- 
tween _ __  . _ 

62 

33 

Eastern  Branch,  Potomac  River,  report  of  survey  of  

30 

30 

Elliott,  George  A.,  relief  of  

143 

35 

Port  Monroe,  Va.,  submitting  estimates  for  sewerage  system 
for  _ __  __  j.  _ _ 

172 

35 

Fort  Sullivan  reservation,  Eastport,  Me.,  submitting  draft  of 
line  to  restore  to  War  Department  _ _ __  

237 

37 

Grand  River,  Michigan,  report  of  survey  of,  below  Grand 
Rapids _ 

197 

35 

Grand  River,  Ohio,  report  of  survey  _ ■ 

61 

33 

Great  Lakes,  report  on  obstructions  to  navigation  in 

24 

29 

Guns,  machine,  of  small-arms  caliber,  estimate  of  appropria- 
tion for  purchase  of  _ _ _ 

129 

34 

Hudson  River,  report  relative  to  survey  of  - 

23 

29 

Inspector-General,  report  of  _ ___  _ 

1 

11 

Inspector-General’s  office,  submitting  estimate  for  additional 
force  in  _ 

240 

- 37 

Jamaica  Bay.  New  York,  report  on  survey  of._  _ 

29 

30 

Kennebec  River,  Maine,  report  of  survey  from  Waterville  to 
Augusta  _ __  _ __  _ _ _ 

76 

33 

29 

Lynnhaven  Bay,  Virginia,  report  on  survey  

27 

Menemsha  Bight,  Massachusetts,  report  of  survey 

60 

33 

Military  establishment,  report  of  expenditures  for  the  contin- 
gent expenses  of  _ 

49 

33 

Military  posts,  estimate  to  construct  buildings  at,  to  enlarge, 
etc 

105 

34 

traders1  buildings,  request  for  appropriation  to 
purchase  - 

207 

37 

Mispillion  River,  Delaware,  report  of  survey  _ _ 

57 

33 

Mississippi  River,  response  to  House  inquiry  relative  to  in- 
jury to  navigation  of.  in  Minnesota  _ _ 

183- 

35 

response  to  House  resolution  relating  to 
backwater  at  Clarendon  and  Lower  White 
River,  Arkansas  __  _ 

163 

35 

Missouri  River,  Montana,  report  of  survey  between  Great  Falls 
and  Stubbs  Ferry  _ 

114 

34 

Murderkill  River,  Delaware,  report  of  survey __ 

21 

29 

Nell  (United  States  launch)  submitting  statement  of  losses  of 

employes  on,  by  sinking  of-  

New  River  and  Swansboro,  N.  C..  report  on  survey  of  water 
way  between  - - 

93 

26 

34 

29 

Olympia  Harbor,  Washington,  report  on  survey  of 

32 

30 

Pacific  Coast,  California,  report  of  examination  for  deep-water 
harbor  on  _ __  _ 

39 

30 

Patrol  (U.  S.  S.),  submitting  claim  for  losses  of  clothing  by 
crew  of  - - 

264 

37 
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Subject 


Secretary  of  War: 

Communications  from — 

Penobscot  River,  Maine,  report  on  survey — 

Port  Day,  New  York,  report  of  survey  of 1 

Potomac  River  (up  to  Washington),  report  of. survey  

Printing  and  binding,  relative  to  certain,  for  War  Department 
Puget  Sound,  Washington,  report  on  cost,  etc.,  of  canal  to  con- 
nect Lakes  Union,  Samamish,  and  Washington  with 

Red  River  of  the  North,  Wisconsin,  survey  of,  above  Fergus  Falls 

and  Crookston 

Report  of  survey  of  Lower  Willamette  and  Columbia  rivers 
Ride  competitions,  submitting  letter  relative  to  rations  for 

contestants  in 

Rock  Hall  Harbor,  Maryland,  report  of  survey T 

Rock  Island  Arsenal,  estimates  of  appropriation  for 

Rock  Island  Arsenal  and  bridge,  letter  of  supplemental  esti- 
mates for 

Sabine  River,  Texas,  report  of  examination  of 

St.  Louis  River,  Minnesota  and  Wisconsin,  report  of  survey  -- 
St.  Mary  Falls  Canal,  transmitting  report  of  commerce  passing 

through  

San  Diego,  report  of  examination  for  site  for  coast  and  harbor 

defenses 

San  Joaquin  River,  California,  report  of  survey  of 

Savannah-Fernandina  water  way,  report  of  survey 

Soldiers’ Home,  Washington,  D.  C.,  transmitting  letter  request- 
ing omission  of  dates  in  appropriations  for 

Springfield  (Mass.)  Arsenal,  letter  of  supplemental  estimates 

for 

Surgeon-General’s  Office,  relative  to  binding,  etc.,  for 

Susquehanna  River,  Maryland,  report  of  survey 

Swinomish  Slough,  Washington,  report  of  survey. 

Tillamook  Bay  and  Bar,  Oregon,  report  of  survey 

Type  and  other  guns,  report  on  cost  of 

War  Department,  letter  transmitting  list  of  clerks  and  others 

employed  in  _ 

Printing  and  binding,  letter  relative  to  deficiencies  in  appro- 
priations for 

West  Galveston  Bay,  Texas,  report  of  survey 

Willamette  River,  Oregon,  report  of  survey 2 

Yazoo  River,  Mississippi,  report  on  survey  

Seul  Choix  Pointe,  Mich.,  relative  to  additional  expenditure  for 

light  station  at 

Shoshones  (see  Indians) 

Signal  officer,  annual  report 

Sioux.  (See  Indians.) 

Smithsonian  Institution,  National  Zoological  Park,  estimates  of 

appropriation  for 

Snake  River,  letter  suggesting  extension  of  improvement  of,  to 

Asotin 

Soldiers’  Home,  Washington,  D.  C.,  letter  requesting  omission  of 

date  in  appropriations  for 

Pacific  branch,  estimate  of  appropriation  for  improvement  of  _ 
Southwest  Ledge,  Conn.,  to  replace  light,  etc.,  by  steam  fog 

whistle 

Springfield  (Mass.)  Arsenal,  supplemental  estimates  of  appropria- 
tions   „ 

Statesville,  N.  C.,  relative  to  heating  apparatus  for  public  build- 
ing at 

Statistical  abstract,  draft  of  a bill  to  provide  for  annual  printing- 

of  the 

Report  for  1891 : 

Subsidiary  coin,  estimate  of  appropriation f or  recoinage  of 


No. 

Vol. 

37 

30 

67 

33 

33 

30 

171 

35 

40 

30 

127 

34 

38 

30 

166 

35 

56 

33 

191 

35 

121 

34 

20 

29 

58 

33 

18 

29 

14 

29 

108 

34 

41 

30 

98 

34 

121 

34 

155 

35 

52 

33 

31 

30 

35 

30 

13 

29 

17 

29 

136 

35 

22 

29 

28 

29 

125 

34 

190 

35 

70 

33 

1 

10 

102 

34 

77 

33 

98 

34 

145 

35 

90 

34 

121 

34 

188 

35 

54 

33 

53 

33 

181 

35 
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Subject. 


Sugar  trust,  report  of  suit  filed  against,  for  violation  of  law  against 

trusts 

Surgeon-General’s  Office,  letter  relative  to  binding,  etc.,  for 

Susquehanna  River,  Maryland,  report  on  survey  of 7 

Swansboro  and  New  River,  North  Carolina,  report  of  survey  of 

water  way  between 

Swinomish  Slough,  Washington,  letter  of  Secretary  of  War  rela- 
tive to  improvement  of 

Territories,  miners  in,  estimate  to  carry  out  law  for  protection  of  - 

Tests  of  iron  and  steel  (1891)---- & - ----v 

Tillamook  Bay  and  bar,  Oregon,  report  of  survey 

Tin  plate,  response  to  House  resolution  relative  to  drawbacks  on.. 

Treasurer  of  the  United  States,  annual  report- __ ___~u _ 

Treasury,  estimate  for  check  and  draft  paper  for 

requisition  on,  relative  to  unpaid } to  June  30,  1892 

Treasury  Department,  additional  room  for  certain  divisions 

Assistant  Register,  to  amend  law  relative 
to  substitute  in  case  of, vacancy,  etc.,  in 

office  of 

Bureau  of  Statistics,  relative  to  an  addi- 
tional clerk  for 

claims  allowed  by  accounting  officers  (ex- 
hausted balances,  etc.) 

claims  allowed  by  accounting  officers  of,  and 

paid  from  indefinite  appropriations 

compensation,  letter  of  the  Secretary  rela- 
tive to  eliminating  certain  lines  in  sundry 

civil  bill  relating  to 

First  Comptroller’s  Office,  relative  to  extra 

work  by  employes  of 

official  business,  relative  to  requests  for 

of  absence  on 

report  of  contingent  expenses  of 

requests  for  leaves  on  official  business 

Treasury  notes,  to  extend  act  of  1872  to  certain 

Type  and  other  guns,  report  on  cost  of 

Umatillas.  (See  Indians.) 

United  States  Coast  and  Geodetic  Survey — 

Report  of  Superintendent  of,  part  1 - 

Report  of  Superintendent  of,  part  2 j--1 

United  States  prisons,  relative  to  appropriations  to  erect 

Utah  penitentiary,  estimates  of  appropriation  for 

estimates  for  establishing  electric  plant 

letters  of  United  States  marshal  relative  «to, 

part  2 f 

Vanderbilt,  F.  W.,  claim  of 7 — 
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PREFATORY  NOTE. 

■ The  Report  of  the  U.  S.  Coast  and  Geodetic  Survey  for  the  fiscal  year  1891  is  the 
first  one  in  which  the  text  has  been  arranged  for  publication  in  two  parts. 

Part  I is  in  quarto  form  and  contains  the  historical  portion.  It  states  progress  in 
field  and  office  work,  gives  estimates  for  future  progress,  and  a report  of  expendi- 
tures during  the  fiscal  year.  It  is  accompanied  by  maps  of  general  progress  and  by 
progress  sketches  more  in  detail. 

Part  II,  it  will  be  observed,  is  in  octavo,  and  includes  the  professional  papers 
relating  to  the  methods,  discussions,  and  results  of  the  Survey  which  have  been 
approved  for  publication  during  the  year.  Such  illustrations  as  are  needed  accom- 
pany them. 

The  octavo  form  is  more  convenient  and  suitable  for  the  scientific  and  professional 
papers,  while  the  quarto  form  appears  to  be  demanded  for  the  statistical  matter  and 
the  progress  sketches.  Since  the  latter  are  of  less  general  interest  than  the  former, 
in  the  future  distribution  of  the  Report  Part  II  only  will  be  sent,  as  it  is  believed 
that  this  will  include  all  that  is  generally  desired  and  in  a much  more  compact  and 
convenient  form  than  that  of  the  old  quarto. 

In  special  cases,  where  both  parts  are  desirable,  they  will  be  sent. 

T.  C.  Mendenhall, 

Superintendent. 
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APPENDIX  NO.  1—1891. 


APPROXIMATE  TIMES  OF  CULMINATIONS  AND  ELONGATIONS  AND  THE 
AZIMUTHS  AT  ELONGATION  OF  POLARIS  FOR  THE  YEARS  BETWEEN 
1889  AND  1910. 


Submitted  for  publication  as  a Bulletin  November  21,  1889,  by  Charles  A.  Schott, 
Assistant,  and  Chief  of  the  Computing  Division,  and  hrst  published 
February  18,  1890.* 


These  tables  of  the  times  of  culmination  and  of  elongation  of  the 
Pole  star  and  of  its  azimuth  at  elongation,  for  any  time  between  the 
years  1889  and  1910  and  for  any  place  within  the  United  States  between 
latitudes  25°  and  50°  north,  are  designed  for  the  use  of  the  surveyor, 
to  facilitate  the  determination  of  a meridian  line  and  of  the  magnetic 
declination  (variation  of  compass)  by  simple  instrumental  means  and 
by  a method  easy  of  application.  For  this  purpose  the  tables  afford 
sufficient  accuracy.  They  will  also  be  found  useful  when  preparing 
for  or  laying  out  work  for  a more  refined  determination  of  the  astro- 
nomical azimuth  as  well  as  for  the  measure  of  the  value  of  an  eye- 
piece micrometer. 

* Since  these  tables  will  be  serviceable  for  their  purpose  until  the  year  1910,  it  has 
been  deemed  desirable  to  republish  them  in  this  annual  report. 
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8 tJ.  S.  COAST  AND  GEODETIC  SURVEY. 

Local  mean  ( astronomical *)  time  of  the  culminations  and  elongations  of 
Polaris  in  the  year  1889 . 


[Computed  for  latitude  + 40°  and  longitude  6h  west  from  Greenwich.] 


Date. 

East  elong’m 

Upper 

culm’n. 

West  eiong’n. 

Lower 

culm’n. 

1889. 

h. 

tn. 

h. 

m. 

h. 

tn. 

h. 

m. 

Jan. 

1 

0 

36  2 

6 

31'0 

12 

25*7 

18 

29*1 

15 

23 

370 

5 

35*7 

11 

3°'4 

17 

33*8 

Feb. 

1 

22 

29-9 

4 

286 

10 

23*3 

16 

267 

Mar. 

15 

21 

34-6 

3 

33'3 

9 

28-1 

15 

314 

1 

20 

39'4 

2 

38-1 

8 

32-8 

14 

36-2 

15 

19 

44-4 

1 

43*i 

7 

37*7 

13 

411 

Apr. 

1 

18 

37A 

0 

360 

6 

307 

12 

34'  1 

15 

i7 

42-4 

23 

37-i 

5 

357 

11 

390 

May 

1 

16 

39'5 

22 

34-2 

4 

32-9 

10 

36- 1 

June 

15 

i5 

44-6 

21 

39'3 

3 

38-0 

9 

412 

1 

14 

37’9 

20 

327 

2 

31*3 

8 

34-6 

July 

15 

13 

43’0 

19 

37-8 

1 

36<4 

7 

397 

1 

12 

40-4 

18 

35-2 

0 

33*8 

6 

371 

!5 

11 

45*5 

17 

40-3 

23 

35’° 

5 

42-2 

Aug. 

1 

10 

39-o 

16 

33-8 

22 

28-4 

4 

357 

i5 

9 

44*i 

IS 

389 

21 

33’5 

3 

408 

Sept. 

1 

8 

37*5 

14 

327 

20 

269 

2 

34*2 

15 

7 

426 

13 

37A 

19 

320 

1 

' 39*3 

Oct. 

1 

6 

397 

12 

3*5 

18 

29-1 

0 

36-4 

Nov. 

15 

5 

447 

11 

397 

17 

34*i 

23 

37-6 

1 

4 

37‘9 

10 

327 

16 

27-3 

22 

30-8 

Dec. 

15 

3 

427 

9 

375 

15 

32-2 

21 

356 

1 

2 

397 

8 

34*5 

H 

29-2 

20 

326 

- 

15 

1 

44*4 

7 

39-2 

13 

34*o 

19 

37*3 

It  will  be  noticed  that  for  the  tabular  year  two  eastern  elongations 
occur  on  January  10  and  two  western  elongations  on  July  9;  there  are 
also  two  culminations  on  April  10  and  on  October  10. 

The  lower  culmination  either  follows  or  precedes  the  upper  culmina- 
tion by  llh  58m  -1. 

For  other  dates  and  positions  than  those  implied  by  the  table  we 
need  to  apply  the  following  corrections : 

To  refer  the  tabular  times  to  any  year  subsequent  to  the  tabular 
year  (1889)  add  0m  *33  for  every  additional  year. 

To  refer  the  tabular  times,  corrected  as  above,  to  any  year  in  a 
quadrienniuin,  observe  that  for  first  year  after  a leap-year  the  table  is 
correct ; for  second  year  after  a leap-year,  add  0m  *9  to  the  tabular 
value;  for  third  year  after  a leap-year  add  lm  -7  to  the  tabular  value; 
for  leap-year  before  March  1,  add  2m  *6  to  the  tabular  value;  for  leap- 
year  from  and  after  March  1 subtract  lm  *2  from  the  tabular  value. 

To  refer  to  any  calendar  day'  other  than  the  first  and  fifteenth  of  each 
month,  subtract  3m  *94  for  every  day  between  it  and  the  preceding 


Counted  from  noon  and  from  zero  to  twenty-four  hours. 
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Approximate  times  of  culminations  and  elongations  of  Polaris,  etc. — Con- 
tinued. 

tabular  day,  or  add  3m  *94  for  every  day  between  it  and  tbe  succeeding 
tabular  day.  Tbe  longitude  correction  will  amount  to  0m  -1G  subtract- 
ive for  each  hour  west  of  6h. 

To  refer  to  any  other  than  the  tabular  latitude  between  the  limits 
of  25°  and  50°  north,  add  to  the  time  of  west  elongation  0m  *13  for 
every  degree  south  of  40°,  and  subtract  from  the  time  of  west  elon- 
gation 0m  *18  for  every  degree  north  of  40° j reverse  these  signs  for 
corrections  to  times  of  east  elongation. 

It  will  be  important  to  direct  attention  to  the  fact  that  the  year  1900 
is  not  a leap-year,  and  this  must  be  kept  in  view  when  dealing  with 
dates  from  and  after  March  1 of  that  year.  The  twentieth  century 
begins  after  the  expiration  of  December  31,  1900. 

The  deduced  tabular  times  may  generally  be  depended  upon,  with  no 
greater  error  than  +-0m  *3. 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


I. — Azimuths  of  Polar  is  when  at  elongation  for  any  year  between 


Lat. 

1890-0  1891-0 

1892-0  1893-0 

1894-0  1895-0 

1896-0  1897-0 

1898-0  1899-0 

1900-0 

o 

0 / 

0 / 

0 / 

0 / 

0 /*■ 

0 / 

0 / 

0 / 

0 / 

0 / 

0 / 

+25 

1 24-6 

1 24-3 

1 23-9 

1 23-6 

1 23-2 

1 22-9 

I 22-6 

I 22-2 

1 21-9 

1 21-5 

I 21-2 

26 

25-3 

25-0 

24-6 

247 

23-9 

23-6 

23-2 

22-9 

22-5 

22*2 

21-8 

27 

26-0 

257 

25-4 

25-1 

247 

24-3 

24-0 

23-6 

23*3 

22-9 

22*5 

28 

26-8 

26-5 

26-2 

25-8 

25'4 

251 

.247 

24-4 

24-0 

237 

23*3 

29 

27-6 

27*3 

27-0 

26-6 

26-3 

25-9 

25'5 

25-2 

24-8 

24-5 

24- 1 

30 

28-5 

28-2 

27-8 

27-5 

27-1 

26-8 

26-4 

260 

257 

25*3 

24-9 

31 

29-4 

29-1 

28-8 

28-4 

28-0 

27-6 

27-3 

26*9 

26-5 

26-2 

25-8 

32 

304 

30'1 

297 

29-3 

29-0 

28-6 

28-2 

27-8 

27*5 

27-1 

26-7 

33 

3i-4 

3 11 

3°7 

30  '3 

30-0 

29-6 

29-2 

28-8 

28-5 

28-1 

277 

34 

32*5 

32-1 

31-8 

3i-4 

310 

30-6 

3o*3 

29-9 

29-5 

29- 1 

28-7 

35 

33-6 

33*2 

32-9 

32-5 

32-1 

3i7 

3i*3 

3][-o 

30-6 

30-2 

29-8 

36 

34-8 

34'4 

34*o 

33-6 

33*2 

32-9 

32-5 

321 

3i7 

313 

30-9 

37 

36-0 

35-6 

35-2 

34-8 

34-5 

34‘i 

337 

33*3 

32-9 

32-5 

32- 1 

38 

37'3 

36-9 

36-5 

36- 1 

357 

35*3 

34'9 

34-5 

34- 1 

337 

33*3 

39 

387 

38-3 

37‘9 

37-5 

371 

36-7 

36-3 

35*9 

35*5 

35-i 

34*7 

40 

40-1 

397 

397 

38-9 

38-5 

38-1 

377 

37*3 

36*8 

36*4 

36-0 

41 

41-6 

41-2 

40-8 

40-4 

40-0 

39-6 

39-2 

38-8 

38-3 

37*9 

37-5 

42 

43'2 

42-8 

42-4 

42-0 

4i-5 

41-1 

407 

40*3 

39-8 

39-4 

390 

43 

44-9 

44‘4 

44-0 

43-6 

43'2 

427 

42-3 

41-9 

4i-5 

41-0 

40- 6 

44 

46-6 

46-2 

45-8 

45‘3 

44'9 

44'4 

44-0 

43-6 

43*i 

42-7 

42-3 

45 

48-5 

48-1 

47-6 

47-1 

467 

46-2 

45-8 

45'4 

44*9 

44-5 

44-0 

46 

5o-5 

50-0 

49'5 

49-0 

48-6 

48-2 

477 

47’3 

46-8 

46-4 

45*9 

47 

52-5 

52-0 

5i-5 

51-0 

50-6 

50-2 

497 

49’3 

48-8 

48-3 

47'9 

48 

54-6 

54-2 

537 

5 3 -2 

52-8 

52-3 

51-9 

5i-4 

50-9 

50-4 

49.9 

49 

56-9 

56-5 

56-0 

55-5 

55-o 

54-5 

54-i 

53-6 

531 

52-6 

521 

50 

1 59-3  „ 

1 58-8 

1 58-4 

1 579 

1 57‘4 

1 56-9 

i 56-4 

1 55’9 

1 55-4 

1 54*9 

1 54*5 
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1889  and  1910 , and  for  any  latitude  between  +£5°  and  -j- 50 °. 


1901*0 

1902*0 

1903*0 

1904*0 

1905*0 

1906*0 

p 

0 

Os 

1908*0 

19090 

1910*0 

Lat. 

0 / 

0 / 

0 / 

0 / 

0 / 

0 / 

O / 

0 / 

0 / 

0 / 

O 

I 20*8 

I 20*5 

I 20*1 

1 19*8 

1 19-4 

1 191 

I 18*7 

1 18*4 

1 181 

1 17*7 

+25 

21*5 

21*1 

20*8 

20*5 

20*1 

19-8 

19*4 

i9  1 

18*7 

18*4 

26 

22*2 

21*9 

21  5 

21*2 

20*8 

20*5 

20*1 

19*8 

19*4  ' 

i9*i 

27 

23*0 

22*6 

22*2 

21*9 

21*6 

21*3 

20*9 

20*5 

20*1 

198 

28 

23*8 

23*4 

23*0 

22  *7 

22*4 

22*1 

217 

21*3 

20*9 

20*5 

29 

24*6 

24*2 

23*9 

235 

23*I 

22*8 

22*4 

22*  I 

21*7 

21*3 

30 

25-5 

25*1 

24*7 

24*4 

24*0 

23*6 

23*2 

22*9 

22*5 

22*2 

31 

26*4 

260 

25-6 

25*3 

24*9 

24*5 

24*1 

23*8 

23*4 

23*  I 

32 

27*3 

27*0 

26*6 

26*2 

25*9 

25*5 

25*1 

24*7 

24*3 

24*0 

33 

28-4 

28*0 

27*6 

27*2 

269 

26*5 

26*1 

257 

25*3 

25  O 

34 

29*4 

29*0 

28*7 

28*3 

27*9 

27*5 

27*1 

26*8 

26*4 

26*0 

35 

30-5 

30*1 

29*8 

29*4 

29*0 

28*6 

28*2 

27*9 

27-5 

27*1 

36 

3i7 

3i*3 

30*9 

30-5 

30*  1 

29*7 

29*3 

29*0 

28*6 

28*2 

37 

33-o 

32*6 

322 

31*8 

3i*4 

3i*o 

30*6 

30*2 

29*8 

29*4 

38 

34*3 

33*9 

33*5 

33*i 

32*7 

32*3 

31*8 

3i*4 

31*0 

3°*6 

39 

35*6 

35*2 

34*8 

34*4 

34*o 

33*6 

33*2 

32*8 

32*4 

32*0 

40 

37*1 

367 

36*2 

35*8 

35*4 

35*o 

34*6 

34*2 

33*8 

33*4 

4i 

386 

38*2 

37*7 

37  *3 

36*9 

36*5 

360 

35*6 

35*2 

34*8 

42 

40*2 

39'8 

39*3 

38*9 

38*5 

381 

37*6 

37*2 

36*8 

36*3 

43 

41*8 

41*4 

41*0 

40*5 

40*  1 

39*7 

39*2 

38*8 

384 

37*9 

44 

43*6 

43*2 

427 

42*3 

41*8 

41*4 

40*9 

40*5 

40*1 

39*6 

45 

45*5 

45*° 

44*6 

44*2 

43*7 

43*2 

42*7 

42*3 

41*9 

41*4 

46 

47*4 

46-9 

46-5 

46*0 

45*6 

45*i 

44*6 

44*2 

43*7 

43*3 

47 

49*5 

49-0 

48*6 

48-1 

47*7 

47*2 

46*7 

46*3 

45*8 

45*3 

48 

5i*7 

51-2 

5o*7 

50*2 

49*8 

49*3 

48*8 

48*4 

47*9 

47*4 

49 

1 54*o 

1 53*5 

1 53*o 

1 52*5 

1 52*0 

1 5i*5 

1 510 

1 50*6 

1 501  • 

1 49*6 

50 

i 
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The  preceding  table  is  computed  with  the  mean  declination  of  Polaris 
for  each  year;  a closer  result  will  be  obtained  by  applying  to  the  tab- 
ular values  the  following  correction,  which  depends  on  the  difference 
of  the  mean  and  the  apparent  place  of  the  star : 


For  middle 
of— 

Lat.  250. 

.Lat.  40°. 

Lat.  50°. 

For  middle 
of— 

Lat.  250. 

Lat.  40°. 

Lat.  50°. 

January 

February 

March 

April 

May 

June 

— o-3 

— o-3 
OI 

0*0 
~\-  0-2 
-j-  0-2 

— o-4 

— o-3 

— 0-2 
o-o 

-f-  0-2 
+ 0-3 

— 0*4 

— °-4 

— 0-2 
O O 

-J-  0*2 

+ o*3 

July 

August 

September 

October 

November 

December 

9 

-f  0*2 

+ o-i 

OO 
— 0-2 

— 0-5 

— 06 

/ 

+ o-3 
+ o-i 

— 01 

--03 

— 06 

— o-8 

9 

+ 0-3 
4-  0-2 

— OI 

— 0-3 

— 07 

— 0-9 

The  deduced  tabular  azimuth  (counted  from  the  north)  may  gen- 
erally be  depended  upon  with  no  greater  error  than  d = 0'*2. 

In  computing  the  tables,  the  mean  places  of  Polaris  were  first  accu- 
rately deduced  from  Newcomb’s  Catalogue  of  1098  standard  clock  and 
zodiacal  stars,  Washington,  1881  (*?),  for  five  equidistant  epochs,  viz: 


a 

8 

1890 
• 1895 
1900 

1905 

1910 

k.  7)1.  s. 

I 18  31-13 
20  30-08 
22  33-76 
24  42*48 
26  56-58 

O / // 

88  43  18-39 

44  52-68 
46  26-66 

48  00-31 

49  33‘61 

From  these  derived  fundamental  places  those  for  each  year  were 
readily  found  by  interpolation  to  third  differences* 

Among  the  simple  methods  for  tracing  out  on  the  ground  a true 
north  and  south  line,  and  one  demanding  only  a very  slender  instru- 
mental outfit,  is  that  given  in  Lalande’s  Astronomie  and  used  by 
Andrew  Ellicott  in  his  boundary  survey  in  1785,  and  again  recom- 
mended in  the  present  century  by  Dr.  Charles  Davies.*  It  con- 


*For  reference  and  practical  hints  to  the  surveyor,  see  “ Davies's  Surveying,”  Van 
Amringe's  edition  of  1883,  or  the  last  edition  of  W.  M.  Gillespie's  11  Treatise  on 
Land  Surveying also  instructions  by  the  General  Land  Office  to  surveyors-gen- 
eral.  [Note. — One  of  Ellicott’s  original  notebooks,  containing  reference  to  the 
method,  was  inspected  hy  the  writer  February  25,  1890.  Ellicott  remarks:  “We 
learn  from  De  la  Land  that  the  star  e Ursse  Majoris  passed  the  meridian  with  the 
Pole  star  in  July,  1751,  and  that  it  gained  of  the  said  Pole  star  P 13"  30'"  of  time  in 
ten  years.” — Note  added  September  19, 1892.']  The  problem  involved  is  readily  solved 
hy  first  considering  the  spherical  triangle,  pole,  Polaris,  and  second  star,  in  which 
is  given  the  angle  at  the  pole  or  the  difference  of  right  ascensions  of  the  stars  and 
their  polar  distances,  whence  we  deduce  the  angles  at  the  stars.  The  condition 
of  verticality  demands  that  one  or  the  other  of  these  angles  (according  as  we  deal 
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Azimuths  of  Polar  is  ivhen  at  elongation , etc. — Continued. 

sists  in  watching  for  the  time  when  Polaris  and  a given  bright  star 
come  to  the  same  vertical,  and  then,  after  a short  lapse  of  time,  given 
in  a table,  Polaris  will  be  found  exactly  on  the  meridian,  and  hence 
can  be  referred  to  the  horizon  or  to  a mark  placed  there. 

The  verticality  may  be  ascertained  by  a plumb  line  or  by  the  vertical 
thread  of  a transit  instrument;  the  method  demands  neither  a gradu- 
ated circle,  nor  a chronometer,  nor  an  exact  knowledge  of  the  local 
time,  an  ordinary  watch  being  sufficient  to  measure  the  short  tabular 
interval. 

Early  in  the  present  century  the  star  Alioth  (e  Ursse  Majoris)  was 
favorably  situated  for  use  of  the  method ; however,  in  1850  the  interval 
between  times  of  verticality  and  of  culmination  already  amounted  to 
17  minutes,  which  interval  A r now  (1890)  has  grown  to  27m*8  for  Lower 
Culmination  and  to  28m*8  for  Upper  Culmination;  hence  this  star  is 
no  longer  suitable,  and  7 Ursse  Majoris  or  6 Cassiopese  should  now  be 
substituted  for  it,  both  being  in  very  favorable  positions.  C Ursse 
Majoris  or  Mizar  is  the  middle  one  of  the  three  stars  in  the  tail  of  the 
Great  Bear,  and  d Cassiopese  is  at  the  bottom  of  the  first  stroke  of  the 
W as  frequently  imagined  to  connect  roughly  the  five  brightest  stars 
of  this  constellation.  At  present  the  Pole  star  culminates  not  quite 
one  minute  before  it  comes  to  the  same  vertical  circle  with  C Ursse 
Majoris,  a fact  indicated  by  a negative  sign  of  A r;  but  the  two  stars 
will  culminate  together  two  and  a half  years  from  now,  with  an  annual 
increase  of  the  interval  of  0ra*35. 

We  have,  with  sufficient  accuracy,  for  any  latitude  in  the  United 
States  between,  say,  <p  = 24°  and  49°,  and  for  either  the  Upper  or  the 
Lower  Culmination  of  these  bright  stars,  the  value  of  A r,  as  follows: 

m. 

For  C Ursse  Majoris  in  1890  - 0-9  J annual  i]|Creaso  0m.35. 

For  5 Cassiopese  in  1890  + £1  } annual  increase 

In  the  higher  latitudes,  the  Lower  Culmination  is  preferable  to  the 
Upper,  but  in  all  cases  special  attention  is  to  be  paid  to  the  adjustment 
of  the  vertical  thread  of  the  telescope  and  to  the  horizontally  of  its 
transverse  axis,  which  is  best  done  by  sighting  up  and  down  a fine 
thread  or  wire  from  which  a plummet  is  freely  suspended. 

with  Upper  or  Lower  Culmination)  when  subtracted  from  7r  should  he  a given 
angle  in  a second  spherical  triangle  formed  by  the  zenith,  the  pole,  and  one  of 
the  two  stars,  in  which  there  is  also  known  the  co-latitude  and  the  polar  distance ; 
solving  it,  we  get  the  hour  angle  of  Polaris. 


APPENDIX  NO.  2—1891. 


ON  THE  DETERMINATION  OF  AN  AZIMUTH  FROM  MICROMETRIC 
OBSERVATIONS  OF  A CLOSE  CIRCUMPOLAR  STAR  NEAR  ELONGATION 
BY  MEANS  OF  A MERIDIAN  TRANSIT/  OR  BY  MEANS  OF  A THEOD- 
OLITE WITH  EYE-PIECE  MICROMETER. 


Submitted  for  publication  as  a Bulletin  December  12,  1890,  and  first  published 

February  26,  1891. t 

Report  on  method  and  example  of  computation  by  Charles  A.  Schott,  Assistant, 
and  Chief  of  the  Computing  Division. 

Observations  by  A.  T.  Mosman,  Assistant. 


This  method  is  capable  of  great  accuracy  of  result,  but  demands  that 
an  elongatiou  mark  be  set  up  in  the  direction  of  a vertical  plane  pass- 
ing through  a close  circumpolar  star  when  near  elongation,  and  that  an 
instrument,  with  an  eyepiece  micrometer,  be  available  to  measure 
micrometrically  the  angle  between  the  vertical  planes  passing  through 
the  mark  and  star.  Polaris  is  generally  selected  for  this  purpose,  and 
even  two  elongation  marks,  one  east  and  the  other  west  of  the  meridian, 
may  be  set  up  for  a double  determination  of  the  azimuth,  in  which  case 
any  small  error  in  the  star’s  declination  as  well  as  in  the  time  and  lati- 
tude of  the  place  will  be  eliminated.  It  will  be  advantageous  to  locate 
the  mark  nearly  in  the  direction  of  elongation  so  as  to  make  the  sum 
of  the  plus  and  minus  micrometer  measures  balance  as  near  as  may  be; 
the  distance  of  the  mark  should  be  great  enough  not  to  require  the 
sidereal  focal  adjustment  of  the  telescope  to  be  changed  when  pointing 
to  it,  and  the  appearance  of  the  artificial  light  in  size  and  intensity 
should  resemble  that  of  the  star  as  nearly  as  possible.  Before  com- 
mencing observations  the  rotation  axis  of  the  telescope  should  be 

* Davidson’s  Meridian  and  Equal  Altitude  Instrument  (now  generally  known  on 
the  Survey  as  tbe  Meridian  Transit)  is  especially  well  adapted  for  this  application. 
It  is  described  and  figured  in  Appendix  No.  8,  Coast  Survey  Report  for  1867  (Plate 
No.  28) ; it  is  also  shown  on  Plate  No.  64,  Appendix  No.  14,  Coast  and  Geodetic  Sur- 
vey Report  for  1880.  As  used  on  the  Survey  it  is  made  in  two  sizes;  its  principal 
characteristics  are  the  split  or  double  base  frame,  and  the  folding  Y’s,  which  give 
great  portability  to  the  instrument. 

t The  republication  of  this  paper  in  its  present  form  is  owing  to  its  permanent 
value  as  an  exposition  of  one  of  the  methods  of  the  Survey. 
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leveled,  the  collimation  of  the  telescope  adjusted,  and  the  two  parallel 
vertical  micrometer  threads  or  lines  adjusted  to  focus,  and  set  truly 
vertical.  To  secure  the  horizontality  of  the  axis  either  a spirit  level  is 
used  or  the  star  is  observed  alternately  direct  and  reflected  in  mercury. 

Though  the  method  was  understood  and  actually  put  in  practice  on 
the  Survey  as  early  as  1844,  it  does  not  appear  to  have  come  into  gen- 
eral use,  and  Assistant  Mosman  devised  it  independently  in  Septem- 
ber, 1880.  It  is  not  specially  mentioned  in  the  collection  of  azimuthal 
methods  given  in  Appendix  No.  14,  Coast  and  Geodetic  Survey  lieport 
for  1880.  This  limited  use  of  the  method  may  have  been  due  to  unfa- 
vorable conditions  for  locating  the  mark.  The  present  account  of  it  has 
been  written  with  the  view  of  bringing  it  anew*to  the  attention  of  the 
observer.  It  may  be  remarked  that  the  use  of  a collimator  in  the  place 
of  the  mark  was  tried  at  an  early  time  of  the  Survey  (in  1844),  and 
again  later  (in  1876),  with  an  improved  collimator,  but  its  use  never 
gave  satisfaction,  and  its  instability,  on  mountain  tops  especially,  was 
plainly  apparent. 

The  value  of  one  turn  of  the  micrometer  may  be  determined,  as  usual, 
by  observing  the  transits  of  a culminating  star  over  the  movable  mi 
crometer  thread  set  ahead  of  the  star  successively  by  a small  fraction 
of  a turn  only.  As  but  a limited  part  of  a turn  is  ever  used  by  this 
method  we  need  only  the  value  of  that  part  of  the  screw  actually  used 
in  the  observations  for  azimuth.  Let  Atf  or  r=the  observed  interval 
of  time,  in  seconds,  corresponding  to  one  turn  and  d=the  star’s  declina- 
tion ; then  considering  the  small  range  for  which  the  micrometer  is 
needed,  we  have,  with  sufficient  accuracy,  1 turn  = 15  r cos  d , ex- 
pressed in  seconds  of  arc.  Attention  should  be  paid  to  the  transit 
level,  which  should  not  change  during  the  observations,  or  else  is  to 
be  corrected  for  change;  also  a correction  for  rate  of  chronometer  on 
sidereal  time  may  be  needed. 

We  have  the  hour  angle  te  and  the  azimuth  (counted  from  the  north) 
Ae  at  elongation,  by 

cos  t6  = tan  <p  cot  S and  sin  Ae  = sec  <p  cos  d 
( W 

and  the  chronometer  time  for  < ^ elongation  = a + te  -f  chronometer 
correction  to  sidereal  time,  + when  j of  sidereal  time 

where  <p  = latitude  of  the  place  and  a and  <5  the  apparent  right  ascen- 
sion and  declination  of  the  star  at  the  time  of  elongation.  For  this 
time  we  have  also  the  zenith  distance  frpm 

cos  C = sin  <p  cosec  d 

We  find  first  the  angle  between  the  mark  and  the  line  of  collimation, 
the  reading  of  the  latter  being  known  after  inversion  of  telescope  on 
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On  the  determination  of  an  azimuth  from  micrometric  observations  of  a 
close  circumpolar  star , etc. — Continued. 


the  mark ; next  we  measure  micronjetrically  the  angle  between  the  ver- 
tical plane  through  the  line  of  collimation  and  the  star  (Polaris  usually) ; 
to  reduce  the  latter  measure  to  the  plane  of  the  horizon  let  A = the 
angular  difference  in  divisions  of  the  micrometer  and  n = the  value  of 
one  division  in  seconds  of  arc;  then  the  angle  in  question  referred  to 
the  horizon  becomes  n A cosec  C.  The  algebraic  sum  of  these  two 
angles  gives  the  azimuthal  difference  between  the  mark  and  star. 
The  correction  for  deviation  of  level  ; s 

2 j”(w  + w')  — (e  + e')~^  sin  h sec  <p 

where  d = value  of  one  division  of  level  in  seconds  of  arc,  ic  and  e the 
readings  of  the  west  and  east  ends  of  the  bubble  before,  and  w1  and  e' 
similar  readings  after  inversion  of  the  telescope;  for  the  factor 
sin  h sec  <p  we  may  substitute  its  approximate  value  tan  <p. 

When  a number  of  micrometer  measures  of  the  star  near  elongation 
are  made  they  may  be  approximately  reduced  to  the  elongation  by 
means  of  the  simple  formula 

2 sin  2 £ t tan  Ae /sin  V 


where  r = te  — t or  the  difference  between  the  chronometer  time  of 
elongation  and  the  time  of  observation.  For  Polaris  this  expression 
will  answer  with  sufficient  accuracy  for  the  limit  r = 15  or  20  minutes, 
and  roughly  even  for  half  an  hour  before  or  after  elongation.  A far 
more  rigorous  formula  was  developed  in  1855  by  Mr.  James  Main,  for- 
merly a member  of  the  Computing  Division;*  it  is  as  follows: 

Ae  — A = sin  Ae  cos  Ae  cosec2  te  u s*u  1 (1+  cot  te  sin  r) 

SID  -L 

where  the  result  is  expressed  in  seconds  of  arc;  this  formula  will  give 
results  true  within  0"  -05  for  lh  30m  from  elongation  for  latitude  40° 
north.  The  rough  expression 

(2  sin2  J r / sin  1")  tan  Ae 
as  well  as  the  better  expression 


sin  (Ae  — A)  = tan  Ae  sin2  3 2 sin2  J r 


given  in  C.  L.  Doolittle’s  Practical  Astronomy  (New  York,  1885),  how- 
ever, take  no  notice  of  the  inequality  in  the  azimuthal  effect  for  the 
same  value  of  r before  and  after  elongation.  The  most  convenient  and 
accurate  form  may  be  given  as  follows : 


2 

Ae  — A = tan  Ae  sin2  3 - 


sin2  J r 
sin  1" 


(1  -{-  cot  te  sin  r) 


* Between  November,  1851,  and  March,  1881, 
H.  Ex.  43,  pt.  2—2 
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The  values  of  log.  (2  sin2  Jr/  sin  1")  are  found  tabulated  in  many 
works  on  Practical  Astronomy  and  Geodesy,  e.  g .,  in  Chauvenet’s 
Manual  on  Spherical  and  Practical  Astronomy,  Volume  n,  where  they 
are  given  up  to  half  an  hour.  Tables  of  greater  extent  up  to  lh  40m 
will  be  found  in  Dr.  T.  Albrecht’s  collection  of  formulae  and  tables.*  It 
is  important  to  note  that  cot  te  sin  r changes  sign  according  to  the 
observed  time  being  before  or  after  elongation,  viz: 


r is  + 


before 

after 


W.  and 


I before  Elongation. 


The  effect  of  this  term  may  be  seen  in  the  following  short  table,  which 
refers  to  <p  = 38°  38'*5,  and  to  observations  of  Polaris,  September  14, 
1885: 


Reduction  to  Eastern  Elongation  for — 


r 

Before 

elongation. 

After 

elongation. 

// 

// 

I5m 

12-85 

12-88 

20 

22-83 

22-go 

25 

35-65 

35-79 

30 

51-29 

51-53 

45 

11506 

115-88 

60 

203-81 

20574 

75 

317-07 

32080 

The  mean  of  the  several  measures  reduced  to  elongation  when  alge- 
braically combined  with  the  angle,  mark  and  star,  will  give  the 
azimuthal  angle  A A between  star  and  elongation,  and  consequently  the 
azimuth  of  the  mark  = A e A A A. 

The  sign  of  A A will  depend  on  the  relative  position  of  the  mark  and 
the  vertical  plane  through  the  star  supposed  at  east  or  west  elongation, 
as  the  case  may  be;  a rough  diagram  or  projection  of  the  hemisphere 
upon  the  plane  of  the  horizon  may  be  useful. 

To  (ii.)f  EXAMPLE  OF  RECORD  AND  REDUCTION. 


Station  Gould,  Ohio  (occupied  eccentrically). 


<P  = 38°  3%'  30"  '3 


A = 82°  49'  55" -8  W. 


Sept.  14,  1885,  4th  set. 

A.  T.  M.,  Observer. 

Polaris  near  Eastern  Elongation. 


Instrument,  the  Meridian  Telescope,  No.  7 ; value 
of  one  division  (100  d=i  turn)  of  eyepiece 
micrometer  o"  7830,  and  of  one  division  of 
, transit  level  1"  -40 


+ 88°  41'  45" '3  [t  __ 

a—  ih  i8m  05.1  4 

510  20'  47"  ( — 


5h  55m  49s 7 and  A T0  — — o&  oim  35s -8 
19  20  39  *6  and  Ae=  i°  40'  10"  97  E.  of  N. 


*Formeln  und  Hiilfstafeln  fur  geograpliisclie  Ortsbestimmungen,  etc.,  von  Dr. 
Tlieod.  Albrecht;  Leipzig,  1873;  see  also  “Nautische  Tafeln,”  Pola,  1885. 
tSee  arrangement  of  App.  No.  14,  Rep.  for  1880. 
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On  the  determination  of  an  azimuth  from  micrometric  observations  of  a 
close  circumpolar  star , etc. — Continued. 


Level. 

Time  by  sid. 
chron’r  B. 
387. 

Time  from 

Reduction  to 

Pos’n 
of  tele- 
scope. 

Micrometer  reads — 

elongation. 

elongation. 

On  mark. 

On  star. 

E. 

t.  d. 
15  36-5 
360 

35- 5 

36- 0 
36*5 

W.  E. 

Mean  15  36-1 

d;  d. 
23  0 29*0 
30*2  22  0 

h.  m.  s. 
i 19  34  40  5 
35  27-5 

35  49-5 

36  09*0 
36  35  0 

m.  s. 
14  00*9 

14  47*9 

15  09*9 

15  29*4 
15  55-4 

// 

1 1*25 
12*54 
1317 
I3-74 
1452 

E. 

t.  d. 
*5  36*0 
36*0 
370 

37-5 

390 

Mean  15  37-1 

29  8 23-0 
22-3  30  5 

19  40  40*0 

40  58-5 

41  15*0 
41  306 
41  48*2 

20  00*4 
20  18*9 

20  35-4 

20  51*0 

21  08-6 

22*92 
23*63 
* 24*27 

24- 89 

25- 60 

W. 

15  36*5 
36*0 
35-5 

34-o 

34-o 

Mean  18-65 

W. 

15  49-o 
49-0 
50*0 
49*0 
48-0 

Mean  15  35-2 

Mean  15  49  0 

Telescope  east,  mark. 

Telescope  west,  mark. 
Collimation  reads. 

Mark  east  of  collimation. 
Telescope  east,  collimation — star. 


t. 

15*3610 

15*4900 

I5-4255 

•0645  = + 5//,05 

+ 15-4255 

— 15-3710 


Telescope  west,  star — collimation. 


+ 0*0545 

~ 15-4255 

+ I5-3520 

~ 0*0735 
•35)  x 1*003  f = 


Star  east  of  collimation  *4  (5ri  "45  — T] 

Star  east  of  mark.  — 

Reduction  to  east  elongation.  -j- 

Correction  for  level  = ^ (105*3  — I04"5)  X o-8o  = -f- 

Star  at  east  elongation,  east  of  mark.  -j- 

Ae  at  east  elongation. 

Mark  east  of  north. 


o"-95 

6*oo 

18*65 


-j-  i2//*76 

i°  407  10*97 
1 39  58*21 

To  which  the  correction  for  diurnal  aberration  or  -(-  or/  *31  is  yet  to  be  applied. 


C.  A.  S. 


f Where  1*003  = 0*783  cosec.  51°  20 ' 47" 
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THE  SECULAR  VARIATION  AND  ANNUAL  CHANGE  OF  THE  MAGNETIC 
FORCE  AT  STATIONS  OCCUPIED  BY  E.  D.  PRESTON,  ASSISTANT  U.  S. 
COAST  AND  GEODETIC  SURVEY,  IN  CONNECTION  WITH  THE  U.  S. 
ECLIPSE  EXPEDITION  TO  THE  WEST  COAST  OF  AFRICA,  IN  1889-’90, 
IN  CHARGE  OF  PROF.  D.  P.  TODD. 


Discussion  and  report  by  C.  A.  Schott,  assistant,  and  chief  of  the  Computing 

Division. 

Submitted  for  publication  March  16,  1891. 


The  records  of  the  magnetic  observations  made  by  Assistant  Preston 
during  this  expedition  were  turned  over  to  the  Computing  Division  of 
the  Survey  for  reduction,  and  the  results  (deduced  by  Mr.  L.  A.  Bauer, 
of  the  Computing  Division)  were  reported  by  me  under  date  of  February 
18, 1891.  These  results  are  given  in  Table  II,  following,  and  comprise 
declinations,  dips,  and  intensities  at  fourteen  stations.  For  special  in- 
formation about  instruments,  descriptions  of  stations,  and  sketches  of 
localities,  the  reader  is  referred  to  the  report  of  Assistant  Preston,  pub- 
lished as  Appendix  No.  12 — 1890,  with  the  title:  u Determinations  of 
Gravity  and  the  Magnetic  Elements  in  connection  with  the  U.  S. 
Scientific  Expedition  to  the  West  Coast  of  Africa,  1889-1890.”  Bul- 
letin No.  22,  published  in  June,  1891,  may  also  be  consulted. 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


Table  I. — Geographical  positions  of  magnetic  stations  occupied  hy 
Assistant  E.  1).  Preston  in  1889-1890. 


Name  of  station. 

Latitude. 

Longitude. 

o 

Washington,  U.  S.  Coast  and  Geodetic 
Survey  Office,  District  of  Columbia. 

0 / 

38  53-2  N. 

0 / 

77  oo*5  W.  from  Gr. 

I 

Horta,  Fayal  Island,  Azores. 

38  31-8  N. 

28  38-9  W. 

2 

Porto  Grande,  St.  Vincent  Island,  Cape 
Verde. 

16  53*3  N._ 

24  59-4  W. 

3. 

Freetown,  Sierra  Leone,  West  Coast  of 
Africa. 

8 29-8  N. 

13  147  W. 

4 

Elmina,  Guinea,  West  Coast  of  Africa. 

5 04-8  N. 

1 20-3  W. 

5 

Loanda,  Angola,  West  Coast  of  Africa. 

8 48  8 S. 

13  14-0  E. 

6 

Cabiri,  Angola,  West  Coast  of  Africa. 

8 47  S. 

13  59  E. 

7 

Cape  Town  Observatory,  Cape  of  Good 
Hope,  west  station. 

33  56'i  S. 

18  287  E. 

8 

Cape  Town  Observatory,  Cape  of  Good 
Hope,  southeast  station. 

33  56-i  S. 

18  287  E. 

9 

Jamestown,  St.  Helena. 

15  55-o  S. 

5 437  W. 

IO 

Longwood,  St.  Helena. 

15  567  s. 

5 4i-5  W. 

1 1 

Georgetown,  Ascension  Inland. 

7 557  S. 

14  25  0 W. 

12 

Green  Mountain,  Ascension  Island. 

7 567  S. 

14  21-5  W. 

13 

Bridgetown,  Barbados. 

13  04  N. 

59  36  W. 

H 

Nonsuch  Island,  Bermuda. 

32  20  6 N. 

64  39-2  W. 

Table  II. — Results  of  magnetic  observations  for  declina  tion , dip,  horizontal  and  total  intensity  (in  dynes). 
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The  secular  and  annual  changes  of  the  magnetic  force  at  stations  occupied 
in  connection  with  the  Eclipse  Expedition , 1889-90,  etc . — Continued. 
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Ill  order  to  facilitate  the  application  of  the  above  results,  and  to 
increase  their  usefulness,  it  will  be  necessary  to  compare  them  with 
such  older  observations  at  these  stations  as  may  have  been  made,  and 
to  deduce  from  these  comparisons  the  law  of  secular  variation,  or  in 
cases  of  insufficient  observations  to  determine  the  annual  change.  The 
results  will  then  be  directly  available;  and  will  aid  in  the  construction 
of  isomagnetic  curves  for  any  recent  epoch  over  the  region  of  the 
North  and  South  Atlantic  covered  by  our  observations. 

The  writer  is  aware  of  the  incompleteness  of  the  older  results  here 
collected,  as  must  necessarily  be  the  case  in  any  attempt  involving 
foreign  stations,  but  it  is  to  be  hoped  that  those  having  local  knowledge 
or  better  facilities  for  collection  may  be  induced  to  contribute  some- 
thing towards  the  general  stock  of  information. 

We  shall  take  up  the  stations  in  the  chronological  order  given  in  the 
table,  but  discuss  separately  the  declination,  dip,  and  intensity  changes. 
Beginning  with  the  declinations,  this  part  will  simply  form  an  addition 
to  my  paper  on  the  Secular  Yariation  of  the  Magnetic  Declination  in 
the  United  States  and  at  some  foreign  stations,  “Appendix  No.  7, 
Report  for  1888,  Washington,  1890,”  and  the  results  when  generalized 
will  thus  extend  over  a largely  increased  area.  For  the  annual  changes 
of  dip  and  intensity  within  the  United  States  the  reader  may  consult 
Appendix  No.  6,  Report  for  1885.  For  treatment  and  notation  see 
these  appendices. 

(0)  Washington , Z>.  G. — Position  of  Coast  and  Geodetic  Survey  Office, 
<p  = + 38°  53  “2,  X — 77°  00  “5  W.  We  have  34  values  between  1750 
and  1889,  as  given  in  Appendix  No.  7,  Report  for  1888.  This  includes 
Mr.  Preston’s  station  and  gives  for  the  annual  increase  of  west  decli- 
nation 2 “4  for  the  epoch  1890,  and  2'*0  for  the  epoch  1895,  according 
to  the  formula  D = + 2°  *73  + 2-57  sin  (l*45m  — 21°  *6)  + 0-07  sin  (12m  + 
27°),  which  differs  slightly  from  that  given  on  p.  225  in  the  coefficient 
of  the  second  periodic  term,  the  present  value  being  preferred.  We 
have  as  usual  m = t — 1850*00. 

(1)  Horta , Fayal  Island , Azores. — Position  of  Castle  of  Santa  Cruz, 


* = +38o  31  “8, 


X — 28°  38  “9  W. 
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The  secular  and  annual  changes  of  the  magnetic  force  at  stations  occupied 
in  connection  with  the  Eclipse  Expedition , 1889-90 , etc. — Continued. 


We  have  the  following  data: 


No. 

Date. 

Declination. 

Observer. 

1497  or  1498. 

Small  east 
declination. 

0 / 

Sebastian  Cabot  noted  “ no  variation  ” in  a 
position  on  the  meridian  no  miles  west  of 
the  island  of  Flores  [and  in  estimated  lati- 
tude 46°  or  470. — Sch.],  U.  S.  Coast  and 
Geodetic  Survey  Bulletin  No.  6,  May,  1888. 
[Neither  Martin  Behaim,  the  cartographer, 
who  resided  several  years  (between  i486 
and  1492)  at  Fayal,  nor  Christopher  Colum- 
bus, who  was  at  Santa  Maria  in  February, 
1493,  have  apparently  left  any  information 
respecting  the  variation  at  these  islands. — 
Sch.] 

i 

1589,  Sept.  13-22. 

3 05  E. 

E.  Wright,  at  Fayal.  Untersuchungen  iiber 
den  Magnetismus  der  Erde  von  Christopher 
Hansteen,  Christiania,  1819.  [Hansteen’s 
isogonic  chart  for  1600  gives  ij4°  east,  and 
according  to  the  Arcano  del  Mare  the  east- 
erly declination  about  1630  was  small.-ScH.] 

4 

1600. 

0 00 

At  Flores  Island:  Hansteen’s  Magnetismus 
der  Erde,  1819. 

1 

1610. 

1 40  E. 

J.  Davis,  at  Santa  Maria  Island. 

3 

1700. 

5 10  W. 

Edm.  Halley,  Tabula  Nautica,  Var’m  Mag’m 
Index  (Greenwich  astronomical  observations 
for  1869). 

4 

1 775  July  14. 

22  07  w. 

Capt.  Cook,  at  Fayal.  Hansteen’s  Magnetis- 
mus der  Erde,  1819. 

5 

1829. 

25  55  w. 

Capt.  Liitke,  at  Fayal.  Sir  Edw.  Sabine  in 
Phil.  Trans.  Roy.  Soc.,  Vol.  165,  for  1875, 
London,  1876. 

6 

1842. 

27  00  W. 

Capt.  Vidal,  at  Pico.  [Vidal  found  270  30' 
W.  at  Flores  in  1844,  hence  the  declination 
at  Fayal  in  1842  could  not  have  differed 
much  from  270  W. — Sch.] 

7 

1889,  Nov.  2,  3. 

25  52  w. 

E.  D.  Preston,  assistant  U.  S.  Coast  and  Geo- 
detic Survey,  at  Horta.  [The  declination 
is  reduced  to  mean  of  day,  as  at  all  his 
other  stations. — Sch.] 

N.  B. — A chart  of  the  Azores,  published  by 
the  U.  S.  Hydrographic  Office  in  July,  1890, 
states  “variation  decreasing  3'  annually.” 

The  observations  are  represented  by  the  formula : 


D = + 120-43  + 14-97  sin  (0-750m  + 88° -6) 
a positive  sign  of  D indicating  west  declination;  the  observed  and 
computed  values  compare  as  follows : 


No. 

Date. 

Observed  D. 

Computed  D. 

O — C 

0 

0 

0 

1 

15897 

— 3-09 

— 1-91 

— i-i8 

2 

1605-0 

— 083 

— , 2-48 

+ 1-65 

3 

1700-0 

+ 5-17 

+ 6-37 

— 1-20 

4 

I775-5 

-j-22"  1 2 

+20-51 

+ i'6i 

5 

6 

1829-5 

1842-5 

4-25-92 

4-27-00 

-j-2676 

+27-28 

_ — 0-84 
" — 0-28 

7 

1889-8 

+25-87 

+2560 

+0-27 
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According  to  our  formula  the  period  is  480  years,  the  maximum  east 
declination  occurred  about  1G12,  amount  2°  *5,  and  the  maximum  west 
in  1852,  amount  27°-4.  Annual  decrease  in  1890,  5' -6,  and  in  1895,  O' -3. 

(2)  Porto  Grande , St.  Vincent  Island , Cape  Verde  Islands. — Position 
of  Porto  Grande 

<P  = + 160  53'  -3  A = 240  59'  -4  W. 

We  have  the  following  data: 


No. 


Date. 


1615  (about). 


1700. 

1822. 


Declination. 


1873.  July  3L 

00 

0 

$ 

Aug.  2. 

£ 

00 

1876,  Apr.  19. 

19  54  W. 

Apr.  22. 

18  52  w. 

1884,  Nov.  10. 

19  47  W. 

1889,  Nov.  11. 

20  45  W. 

3H  W. 
15  03  w. 


Observer. 


[According  to  the  Arcano  del  Mare,  the  dec- 
lination at  these  islands  was  about  zero  in 
1615  -f-  15  years,  as  estimated  by  me  ; be- 
fore this  date  the  declination  was  easterly, 
as  shown  by  Hansteen’s  chart  for  1600. — 
Sch.] 

Edm.  Halley,  Tabula  nautica,  etc. 

Duperrey,  at  San  Antonio  Island.  This  isl- 
and is  close  to  St.  Vincent  Island,  hence  the 
declination  may  also  be  used  for  the  latter. 
Phil.  Trans,  Roy.  Soc.,Vol.  165,  1875;  Lon- 
don, 1876.  [The  observations  at  Porto 
Praya,  St.  Iago  Island,  indicate  an  increase 
of  west  declination  between  1822  and  1843 
of  about  2/  per  annum. — Sch.] 

{At  Porto  Grande,  Voyage  of  H.  M.  S.  Chal- 
lenger, Vol  11,  pp.  27,  58.  [Second  value 
not  used. — Sch.] 

{At  St.  Vincent,  swinging. 

On  St.  Vincent  Island,  voyage  of  H.  M.  S. 
Challenger,  Vol.  11,  pp.  43,  46,  70. 

[Second  value  not  used. — Sch.] 

Lieut.  J.  D.  Adams,  U.  S.  S.  Kearsarge,  in  lat- 
itude + 1 6°  19'  and  longitude  240  49'  W. 
Naval  Prof.  Papers  No.  19:  Washington, 
1886. 

E.  D.  Preston,  Assistant,  U.  S.  Coast  and  Geo- 
detic Survey,  at  Porto  Grande. 


The  above  observations  are  represented  by  the  formula 


D = + 10°  -51  f 10-27  sin  (0-590 111  + 44° -0) 
and  the  observed  and  computed  values  compare  as  follows : 


No. 

Date. 

Observed  D. 

Computed  D. 

O — c 

0 

0 

0 

1 

1615-0 

o-oo 

+ 0-27 

—0-27 

2 

17000 

+ 375  1 

+ 3'3l  ■ 

+0-44 

3 

1822-5 

+ 1505 

+ i5-3° 

| —0-25 

4 

1873-6 

+ 18-67 

+ 19-21 

—o-54 

5 

1876-3 

+ 18-87 

+ r9'3^ 

—0-49 

6 

1884-8 

+ 19.78 

+ 19-78 

0-00 

7 

1889-9 

+20-75 

+20-00 

+0-75 
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The  secular  and  annual  changes  of  the  magnetic  force  at  stations  occupied 
in  connection  with  the  Eclipse  Expedition , 1880-90)  etc. — Continued. 

According'  to  the  formula  the  period  is  610  years,  but  this  is  very 
uncertain,  since  neither  the  last  minimum  west  nor  the  maximum  west 
(as  expected)  has  become  known  $ in  fact,  the  expression  is  but  a 
rough  approximation. 

The  maximum  east  occurred  about  1623,  amount  0°*2  east;  the  max- 
imum west  is  expected  about  1928,  amount  20°  *8  west.  Annual  in- 
crease in  1890,  2' *4,  and  in  1895,  2'T. 

(3)  Freetown)  Sierra  Leone. — Position 

<p  = + 8°  29'  -8  A = 130  14/.7  w. 

We  have  the  following*  observations: 


Nq. 

Date. 

Declination. 

Observer. 

1 

1826. 

0 / 

18  48  W. 

Capt.  Owen  Sir  Edw.  Sabine  in  Phil. 

2 

1836. 

19  23  W. 

Capt.  Vidal  l Trans.  Roy.  Soc.,Vol.,  165, 

1836. 

19  36  W. 

Capt.  Denham  J for  1875:  London,  1876. 

3 

1889,  Nov.  19. 

19  17  w. 

E.  D.  Preston,  Assistant,  U.  S.  Coast  and  Geo- 
detic Survey ; at  Freetown. 

The  above  data  are  insufficient  to  deduce  any  value  for  annual 
change. 

(4)  Elmina , Gold  Coast. — Position  of  Fort  St.  George 


<P  = + 50  04' -8  A = lo  20' *3  W. 
We  have  the  following  observations: 


No. 

Date. 

Declination. 

Observer. 

1 

1838. 

0 / 

20  11  W. 

Capt.  Vidal,  Phil.  Trans.  Roy.  Soc.,  Vol.  165, 

for  1875;  London,  1876. 

2 

1889,  Nov.  27,  28 . 

17  10  W. 

E.  D.  Preston,  Assistant,  U.  S.  Coast  and  Geo- 

. 

detic  Survey. 

No  deduction  for  annual  change  can  be  made  from  these  data. 

(5)  Loanda , Angola. — Position  of  St.  Paul  de  Loanda,  flagstaff  Fort 
San  Miguel 


<P  = - 80  48'  -3  A — 13°  13'  -1  east 
and  of  magnetic  station 


<p  = - 80  48'  -8 


A ==  13°  IF  *0  east. 
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We  Lave  the  following  observations: 


No. 

Date. 

Declination. 

Observer. 

i 

1825. 

0 / 

22  00  W. 

Captain  Owen,  Phil.  Trans.  Roy.  Soc.,  Vol. 

167,  Part  II:  London,  1878. 

2 

1889,  Dec.  14,  15, 16. 

17  46  W. 

E.  D.  Preston,  Assistant,  U.  S.  Coast  and  Geo- 

detic Survey. 

No  deduction  can  be  made  from  these  data  respecting  the  annual 
change,  although  the  three  African  stations,  Nos.  3,  4,  and  5,  all  appar- 
ently point  to  a decreasing  west  declination  for  the  present  time. 

(6)  CaMri,  Angola. — Position 

<P  = - 8o  47'  ^ = 130  59/  e. 

At  this  place  we  have  only  Assistant  Preston’s  observation  in  De- 
cember, 1889,  already  given. 

(7,  8)  Cape  Town , Cape  of  Good  Rope. — Position  of  astronomical  ob- 
servatory 

<p=  - 33o  56'  *1  A = 18o  28'  -7  E. 

At  this  station  we  have  the  following  observations: 


No. 

Date. 

Declination. 

Observer. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

1605 

1609 

1622 

1675 

1691 

1700 

I75i 

1775 

1788 

1792 

1818 

1836 

1839 
1841-5 
* 1842-5 

1843- 5 

1844- 5 

1845- 5 
18465 

1847- 5 

1848- 5 

1849- 5 

1850- 5 
1857-5 

1873-9 

1890-1 

0 / 

0 30  E. 
0 12  W. 

2 00  W. 
8 14  W. 

ii  00  *W. 

10X  w. 
19  15  w. 
21  14  W. 

24  04  w. 
24  31  w. 

26  31  w. 

28  30  w. 

29  09  w. 
29  06-2  W. 
29  05-9  W. 

29  06-0  W. 
29  66-2  W. 
29  07-4  W. 
29  08-7  W. 
29  124W. 

29  14-0  W. 

29  16-2  W. 

29  188W. 

29  34  W. 

30  04  W. 

29  32  W. 

The  observed  values  are  taken  from  “ Cape  Observations, 
Mag’c  and  Met’c,  Vol.  1,  p.  lx,”  as  given  by  Walker  in 
his  “Terrestrial  and  Cosmical  Magnetism,”  Cambridge 
(England),  1866,  excepting  values  Nos.  6,  24,  and  25. 
See  also  Encyclopaedia  Britannica,  9th  edition,  1883, 
Art.  Meteorology. 

Edm.  Halley;  Tabula  Nautica,  etc. 

British  Colonial  Magnetic  Observatory,  Cape  of  Good 
Hope.  The  declinations  for  the  years  1841-1850  differ 
but  slightly  from  the  values  given  by  Walker,  who  de- 
duced his  results  for  1841,  1846,  and  1850  from  obser- 
vations of  9,  7,  and  8 months,  respectively. 

Austrian  frigate  Novara. 

H.  M.  S.  Challenger  Narrative,  Vol.  11,  p.  29. 

E.  D.  Preston,  Assistant  U.  S.  Coast  and  Geodetic  .Survey. 
The  result  at  the  western  station. 

* Belcher's  observation  of  1842,  29°  10'  W.,  was  not  used,  the  Observatory  value  being  preferred. — Sch. 
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These  observations  are  satisfied  by  the  formula: 

D = + 14°  -63  + 15°  -00  sin  (O610in  + 77°  -7) 

as  shown  by  the  following  comparison  of  observed  and  computed 
values : 


No. 

Date. 

Observed 

D. 

Com- 
puted D. 

0— C 

No. 

Date. 

Observed 

D. 

Com- 
puted D. 

O— C 

i 

1605-5 

O 

— 0-50 

O 

+ 0-41 

— 0-91 

H 

1841-5 

0 

-(-29-10 

0 

+28-94 

-f-o-i6 

2 

1609-5 

-f-  0-20 

0-62 

— 0-42 

15 

1842-5 

29-10 

28-99 

-j-OII 

3 

1622-5 

2-00 

1-50 

+0-50 

16 

1843-5 

29- 10 

29-03 

+0-07 

4 

I675-5 

8-23 

7-43 

+o-8o 

17 

1 844-5 

29-10 

29-08 

-(-0-02 

5 

16915 

Il-oo 

9-74 

-[-1-26 

18 

I845-5 

29-12 

29-12 

O'OO 

6 

1700-0 

10-25 

1 roo 

—0-75 

19 

1846-5 

29-14 

29-18 

— 0-04 

7 

I75I-5 

19-25 

19-16 

+0-09 

20 

1847-5 

29-21 

29-20 

-fo-oi. 

8 

I775-5 

21-23 

22-64 

— 141 

21 

1848-5 

29-23 

29-24 

— 0-01 

9 

1788-5 

24-08 

24-31 

—0-23 

22 

1849-5 

29-27 

29-27 

0-00 

10 

1792-5 

24-52 

24-79 

—0-27 

23 

-1850-5 

29-31 

29-30 

-f-O-OI 

1 1 

1818-5 

26-52 

27-43 

— 0-91 

24 

1857-5 

29-57 

29-50 

+0-07 

12 

1836-5 

28-50 

28-69 

—0*19 

25 

I873-9 

30-07 

29-62 

+o'45 

13 

I839-5 

+29-15 

28-84 

+0-31 

26 

1890-1 

+29-53 

29-29 

+0-24 

The  formula  demands  a period  of  590  years  and  gives  a maximum 
east  declination  about  1575,  amount  —0°*3,  and  a maximum  west  dec- 
lination in  1870,  amount  + 29°*6.  The  annual  decrease  in  1890  is  2/*0, 
and  in  1890  2/,5. 

(9, 10)  St.  Helena. — Position  of  anchorage,  off  Jamestown: 

cp  = _ 15o  55/  .Q  A = 5°  43'  -7  Avest, 

and  of  the  Magnetic  Observatory  near  Longwood,  established  by  the 
British  Government, 


<p=  -150  56'  *7 


A = 5°  4P  -5  west. 
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We  have  the  following’  observed  declinations: 


No. 

Date. 

Declination. 

Observer. 

1 

1610. 

0 

7 

/ 

13  E. 

Davis 

2 

1677. 

0 

40  E. 

Halley 

These  values  are  taken  from 

3 

1691. 

1 

00  W. 

Halley 

“ Magnet  teal  and  Meteoro- 

4 

1724. 

7 

30  W. 

Mathew 

logical  Observations,”  St. 

5 

1775. 

12 

18 

Wales 

Helena,  1844-1 849,  Vol.  11, 

6 

1789. 

15 

30 

Hunter 

p.  vi,  London,  i860.  By 

7 

1796. 

15 

48 

Macdonald 

Maj.  Gen.  Edw.  Sabine. 

8 

1806. 

17 

18 

Krusenstern 

--  . 

1836. 

18 

00 

Fitzroy:  Phil.  Trans.  Roy.  Soc.,Vol.  167,  Part 
11,  p.  478,  London,  1878.  [Not  used;  lo- 
cally affected. — Sch.] 

9 

10 

1839. 

1840. 

22 

22 

17 

53 

Du  Petit  Thouars  "I  . ,,  .,  f ..  0 

ross  > Authority  as  for  Nos.  1- 8. 

1 1 

1845. 

23 

.15 

At  Longwood  Observatory  the  total  change  in 

declination 

observed  between  1840  and 

- 

1845,  inclusive,  was  230  27'— 220  53/=34/, 
or  annual  increase  7/,  nearly;  hence  interpo- 
lated yalue  for  1845,  horn  Ross’s  observa- 
tions, 230  27/,  and  from  Berard’s  observa- 
tions, 230  04',  mean  230  15'  west  adopted. 

Berard,  authority  as  for  No.  10. 

12 

1846. 

23 

11 

13 

1890,  Feb.  24,  25. 

23 

57  W. 

E.  D.  Preston,  Assistant  U.  S.  Coast  and  Geo- 

detic Survey,  at  Jamestown. 

These  observations  are  satisfied  by  the  equation : 


D = + 8°  -90  + 15°*31  sin  (0-618m  + 65°  -1) 
and  the  observed  and  computed  values  compare  as  follows : 


The  formula  demands  a period 
of  582^4  years  and  gives  a 
maximum  east  declination 
about  1599,  amount  60,4  E., 
and  a maximum  west  decli- 
nation in  1890,  amount  24°-2 
W.  The  annual  change  in 
1890  was  nearly  zero ; in  1895 
it  will  be  a decrease  of  o/,5- 


No. 

Date. 

Observed  D. 

Computed  D. 

0— C 

0 

0 

0 

1 

1610-5 

— 7-22 

— 6-29 

—o-93 

2 

1677-5 

— 0-67 

— 1-25 

+0-58 

3 

1691-5 

+ roo 

+ o-6o 

+0-40 

4 

I724’5 

H-  7-5o 

5-59 

+ I-9I 

5 

1775-5 

+ 12-30 

1391 

— i-6i 

6 

I789-5 

+ I5-50 

1602 

—0-52 

7 

1796-5 

+ 15-80 

17-01 

— I ‘21 

8 

1806-5 

+ 17-30 

18-36 

— 1-06 

9 

1839-5 

+22-28 

21-97 

+0-31 

10 

1840-5 

+ 22-88 

22.05 

+0-83 

1 1 

I845-5 

+23-25 

22-45 

+o-8o 

12 

1846-5 

+23-19 

22-53 

-j-o-66 

13 

1890-1 

+23-95 

24-21 

— 0-26 

REPORT  FOR  1891 PART  II.  31 

The  secular  a nd  annua  l changes  of  the  magnetic  force  at  stations  occupied 
in  connection  with  the  Eclipse  Expedition , 1889-8)0,  etc . — Continued. 

(11, 12)  Ascension  Island. — Position  of  Georgetown. 

cp=-  7°  55'  -5  A = 140  25'  -0  W. 

and  of  Green  Mountain: 

cp  = — 7°  56'  -7  A = 14°  21'  -5  W. 

At  this  island  the  local  disturbances  in  the  magnetic  distribution  are 
very  great. 

We  have  the  following  observations,  viz : 


| No. 

Date. 

Declination. 

Observer. 

1700. 

0 / 

2 0 E. 

Halley,  in  his  “ Tabula  Nautica,”  etc. 

1830. 

20  10  W. 

Foster. 

2 

3 

4 

1836. 

1839. 

1842. 

1846. 

17  36  W. 

18  31  W. 

19  16  W. 
19  16  W. 

Fitz  Roy. 

Du  Petit  Thouars. 
Berard. 

Belcher. 

Gen.  Sir  Edw.  Sabine  in 
Phil.  Trans.  Roy.  Soc., 
> Vol.  167,  part  11,  Lon- 
don, 1878. 

5 

1861. 

21  45  W. 

Denham. 

6 

1863. 

21  38  w. 

H.  M.  S.  Hecate.  . 

1 1 876,  March  29. 
\ 1 876,  March  30. 
( 1876,  April  3. 

23  06  w. 

)H.  M.  S.  ChallengerAAt  Georgetown. 

7 

22  32  W. 

? Narrative,  Vol. 

11,  <At  Green  Mountain. 

22  41  W. 

) P-  43- 

(At  sea,  swinging. 

1 1890,  March  21-23. 
/ 1890,  March  30,31, 
( April  1. 

22  36  W. 

)E.  D.  Preston,  assistant'  A . ^ 

( U.S.  Coast  and  Geo- A Georgetown  ■ 

S detic  Survey.  (A  Green  Mountam' 

8 

23  24  W. 

Captain  Foster’s  value  of  1830  would  seem  to  be  affected  with  a 
deflection  of  about  3°,  and  the  discrepancy  in  the  observations  by  the 
Challenger  and  by  Mr.  Preston  is  likewise  due  to  local  irregularity;  prob- 
ably values  at  Green  Mountain  are  more  nearly  normal  than  the  values 
at  Georgetown,  as  we  may  judge  from  the  result  of  the  Challenger 
when  swinging;  mean  values,  however,  were  preferred  for  the  present. 

The  expression  D = 4-  20°  *34  + 0T42  m — 0-0020  m2  represents  the 
observations,  as  follows: 


1 

No. 

Observed 

D. 

Computed 

D. 

O.— C. 

No. 

Observed 

D. 

Computed 

D. 

O 

1 

d 

1 

O 

+ 17-60 

O 

+ 18-06 

O 

— 0-46 

5 

O 

-b  21‘75 

0 

4-21-71 

0 

+ 0-04 

2 

18-52 

18-63 

— on 

6 

21-63 

21-89 

— 0-26 

3 

19-27 

19-16 

-(-o-ii 

7 

22-77 

22-69 

4-  0-08 

4 

19-27 

19-82 

— o-55 

8 

23-00 

22-82 

-j-  0-18 

The  maximum  west  declination,  accordingly,  occurred  in  1885; 
amount,  22°*9  W.  The  annual  decrease  was  V T for  1890,  and  for  1895 
it  will  be  2'  -3, 
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(13)  Bridgetown , Barbados. — Position  of  Rickett’s  Battery: 

(p=+  13°  05'  -7  X = 59o  37'  -3  W. 
and  of  magnetic  station : 

<p  = + 130  04'  X = 59o  36'  W. 

The  observations  at  this  island  will  be  found  collected  and  discussed 
in  Appendix  No.  7,  Coast  and  Geodetic  Survey  Report  for  1888.  The 
changes  made  in  the  table  on  p.  256  {ibid.)  are  the  introduction  of  the 
value  5J°  east  for  1700,  according  to  Edm.  Halley’s  Tabula  Nautica,  etc., 
and  the  substitution  of  Mr.  Preston’s  value  of  1890  for  the  value  of 
1884,  which  latter  had  only  been  used  temporarily  in  the  absence  of  a 
later  value. 

The  expression  D = — l°-88  -f  2*83  sin  (0-95  m -f  24° -6)  represents 
the  observations  as  follows : 


Year. 

Observed 

D. 

Computed 

D. 

0.— c. 

0 

0 

0 ’ 

, 17000 

— 5*33 

— 4-38 

—0-95 

1726-5 

— 3-92 

— 4-71 

4-0-79 

1760-4 

— 4-5° 

— 4-34 

— 016 

1761-3 

-378 

— 4-32 

+ 0*54 

i833'5 

-1-48 

— 1-44 

— 0-04 

1839-5 

— 1*22 

— 1*17 

— 0-05 

1846-5 

— 1-45 

— 0-85 

— o-6o 

1871-5 

— 0-58 

-f  0-12 

— 0-70 

1890-3 

1-20 

4-0-64 

+ 0-56 

The  formula  supposes  a period  of  379  years,  with  a maximum  west 
declination  in  1919,  amount  1°  *0  W.  In  1890  the  annual  change  was 
V *3;  in  1895  it  will  be  l'T,  increasing  west. 

(14)  Nonsuch  Island , Bermuda. — Position  of  the  island : 

<p  = + 320  20'  -6  X = 64o  39/  .2  W. 

The  observations  made  in  the  Bermuda  Islands  will  be  found  collected 
in  Appendix  No.  7,  Coast  and  Geodetic  Survey  Report  for  1888,  pp. 
222,223.  To  these  we  add  Mr.  Preston’s  determination  of  1890.  The 
local  disturbances  of  the  Bermudas  were  investigated  by  Staff  Com- 
mander E.  W.  Creak,  R.  N.,  in  1886,  but  his  researches  do  not  extend 
over  the  eastern  part  of  the  group  of  islands.  No  correction  for  local 
deflection  can  therefore  be  assigned,  and  we  shall  use  the  value  as 
observed. : 

The  expression 

D = + 60-926  + 0-0107m  + 0-00045m2 
represents  the  observations  very  well.  It  is,  however,  inadmissible,  for 
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the  reason  that  it  demands  a western  minimum  about  1838,  amount 
6°-8(i  west.  A minimum  about  this  time  is  contradicted  by  all  sur- 
rounding- stations,  which  show  that  it  must  have  taken  place  much 
earlier  and  in  the  preceding  century.  The  curvature  being  slight  and 
in  the  wrong  direction,  there  remains  only  a representation  by  a 
straight  line  for  the  present.  I adopt  therefore; 

D = + 7°  *08  + 0-0202m, 
which  represents  the  observations  as  follows : 


Y ear. 

Observed 

D. 

Computed 

D. 

0.— C. 

1831-5 

1837-5 

1845- 8 

1846- 5 

1873A 

1876-5 

1890-4 

0 

+ 6-98 

6- 67 

7- 02 
6-88 

7'2I 

7-75 
+ 8-07 

O 

+ 6-70 

6- 83 

7- 00 
7-01 
7-55 
7'6i 

+ 7-90 

O 

+ •28 

— •16 
-02 

— •13 

— '34 
+ -H 

+ 'i  7 

The  annual  increase  of  west  declination  is  V .2,  but  for  1895  it  will 
probably  be  V -5. 

In  the  following  table  I have  brought  together  some  of  the  principal 
results  obtained  in  the  discussion  of  1888  and  in  the  present  investi- 
gation. 


Station. 

Lat. 

Long. 

Declination,  + west,  — east. 

Annual  change. 
[4-  increasing 
west.] 

1890. 

X895. 

NORTH  ATLANTIC. 

O / 

O / 

OO  O 

Halifax,  Nova  Scotia. 

44  39-6  N . 

63  35 "3  W- 

D = -j- 16"  18  -(-  4-53  sin  (i"oom  4-46-1) 

+o‘3 

0*1 

Horta,  Azores. 

38  31-8  N. 

2_8  3 8 9 W. 

D = -f- 12-43  ~r  14*97  sin  (0-750111  -f-  88"6) 

—5’6 

-6-3 

St.  Georges,  Bermuda. 

32  22*6  N. 

64  4o"6  W. 

D = 7"o8  -f  0.0202m 

4-1-2 

(4~ 1 ‘ 5) 

Savannah,  Ga. 

32  04-9  N. 

81  05-5  W. 

D = — 2*134-  2-55  sin  (i"4om  — 40-5) 

4-3-6 

T3-4 

Porto  Grande,  Cape 
Verde. 

16  53-3  N. 

24  59-4  w. 

D = 4- 10-51  4- 10*27  sin  (o"59om  4-  44’o) 

- 4-2-4 

+2-1 

Bridgetown,  Barba- 
dos. 

SOUTH  ATLANTIC. 

13  05-7  N. 

59  37  3 W. 

D = — ;"88  4-  ?-83  sin  (o'gsm  4-  24:6) 

+i-3 

+i-x 

Georgetown,  Ascen- 
sion. 

7 55’5  S. 

14  25-0  W. 

D = 4-  2°"34  4-  o’  142m  — o"oo2om2 

I'l 

—2"3 

Jamestown,  St.  He- 
lena. 

«5  56-7  S. 

5 4i-5  W. 

D = 4-  8-90  4- iS’3i  sin  (o"6i8m  4- 65-1) 

Q’O 

— °S 

Rio  de  Janeiro,  Bra- 
zil. 

22  54-8  S. 

43  09-5  W. 

D = 4-  2*194-  9.91  sin  (o' 80m  — 10*4) 

+7-7 

4-7"5 

Cape  Town,  Cape  of 
Good  Hope. 

33  56-1  S. 

18  28-7  E. 

D = 4-  14-63  4-  15*00  sin  (o*6 10m  4-  77  7) 

— 2*0 

—25 

ft.  Ex.  43,  pt.  2 — 3 
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Compared  with  similar  expressions  for  stations  on  our  Atlantic  sea- 
coast,  between  Eastport,  Me.,  and  Savannah,  Ga.,  the  most  notable 
feature  of  the  above  stations  located  in  the  North  , and  South  Atlantic 
is  the  widely  enlarged  secular  motion,  both  in  range  and  in  period. 
The  average  range  for  our  Atlantic  coast  stations  is  about  twice  3°, 
whereas  the  average  range  for  stations  in  the  Azores,  Cape  Verde,  St. 
Helena,*  at  Rio  de  Janeiro,  and  at  Cape  Town  is  twice  13 J°,  or  4J  times 
as  great.  Again,  for  our  coast  stations  a equals  about  1*350 ; for  the  five 
Atlantic  stations  a equals,  on  the  average,  0*074;  in  other  words,  for  our 
coast  the  period  of  a complete  angular  swing  would  be  267  years ; whereas 
for  the  islands  and  the  coast  stations  in  South  America  and  Africa 
the  period  demanded  is  534  years  on  the  average,  or  just  (accidentally 
so)  twice  as  long.  This  change  in  the  character  of  the  secular  motion, 
as  depending  on  geographical  position,  is  very  significant.  Though  its 
meaning  is  at  present  shrouded  in  mystery,  it  may  turn  out  to  be  an 
interference  phenomenon  due  to  several  causes.  It  Avill  also  be  noticed 
that  Mr.  Preston’s  observations,  falling  in  a time  not  very  remote 
from  the  western  extreme  of  the  secular  motion,  will  greatly  assist 
in  defining  the  extreme  magnitudes  of  the  declinations  for  that  epoch. 

With  respect  to  early  observations  of  the  dip  at  our  stations,  there 
appears  to  be  but  little  material  in  existence;  and  as  to  observations 
for  horizontal  or  total  intensity,  there  are  but  a very  feAv,  as  might  have 
been  expected  from  the  circumstance  that  in  the  first  third  of  this 
century  it  was  not  known  how  to  express  either  in  absolute  measure. 

The  collected  dips  are  given  below  without  attempting  to  define  their 
annual  change,  for  which  latter  the  observations  are  far  too  scanty. 
The  discussion  of  the  dip  observations  at  Washington , I).  0.,  will  be 
found  in  Appendix  No.  6,  Coast  and  Geodetic  Survey  Report  tor  1885, 
pages  150-155  and  pages  259-264.  To  this  collection  we  can  now  add: 


Date. 

Dip. 

Observer.  # 

1886*5 

0 

+7o-5i 

C.  A.  Schott  and  E.  D.  Preston,  at  magnetic  observa- 
tory on  First  street  SE. 

1887-6 

+70-45 

J.  B.  Baylor,  at  Coast  and  Geodetic  Survey  Office  sta- 
tion, between  New  Jersey  avenue  and  South  Capi- 
tol street. 

1 888*4 

+70*42 

J.  B.  Baylor,  same  locality. 

1889*7 

+70-43 

E.  D.  Preston,  same  locality. 

The  annual  diminution  of  the  dip  for  1885  was  given  as  3' *5.  This 
seems  now  somewhat  too  large,  but  not  enough  time  lias  elapsed  since 
that  date  to  make  it  worth  while  to  reconstruct  the  exponential 
formula  given  on  page  263  of  the  Report. 

* The  Canary  Islands  may  also  be  added  to  this  group,  though  not  here  discussed. 
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At  Fayal  Island  we  have  three  observations,  viz: 


Date. 

Dip. 

Observer. 

1775 

1850 

1889.8 

0 / 

+71  01 
+65  53 
+64  13-8 

Cook. 

H.  M.  S.  Rattlesnake. 

E.  D.  Preston,  United  .States  Coast  and  Geodetic 
Survey. 

St.  Vincent  Island. 


Date. 

Dip. 

Observer. 

1841 
1841. 

1842 

1853 

1876-3 

1889-9 

' 

0 / 

+48  44 
+48  56 
+45  35 
+48  33 
+43  06 
+42  12-3 

Fishboume. 

Trollope. 

Allen. 

Trollope. 

H.  M.  S.  Challenger,  420  52'  when  swinging. 
E.  D.  Preston. 

For  comparison  we  may  acid  here  observed  dips  at  Porto  Prgya 
= 14°  545  X = 23°  30'  W.),  Cape  Yerde  Islands. 


Date. 

Dip. 

Observer. 

1822 

0 / 

+45  26 

Sabine. 

1826 

+45  45 

Dumond  d’Urville. 

1836 

+45  46 

Fitz  Roy. 

1840 

+45  22 

Ross  and  Crozier. 

1843 

+44  52 

Belcher. 

Sierra  Leone. 


Date. 

Dip. 

Observer. 

1842 

1889.9 

0 / 

+27  18 

+ 15  24-2 

Allen. 

E.  D.  Preston. 

Gold  Coast. 


Date. 

Dip. 

Observer. 

1841 

1889-9 

0 / 

+ 11  32 
+ 0 35*4 

Allen,  at  Cape  Coast  Castle. 
E.  D.  Preston,  at  Elmina. 
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Cape  Town. 


Date. 

Dip. 

Observer. 

1841 

0 / 

—53  09 

At  magnetic  observatory.  The  Ency.  Brit.  (9th  ed.), 
art.  Meteorology,  gives — 53°  og/i. 

1842 

—53  ” 

At  magnetic  observatory.  The  Ency.  Brit.  (9th  ed.), 
art.  Meteorology,  gives — 530  I5A3. 

1842 

-53  12 

Belcher. 

1843 

—53  19 

At  magnetic  observatory.  Ency.Brit.  gives  — 530  20 /,2. 

1844 

—53  36 

At  magnetic  observatory;  mean  of  3 values.  Ency. 
Brit,  gives  — 530  29/,4. 

1845 

—53  32 

At  magnetic  observatory ; mean  of  4 values.  Ency. 
Brit,  gives  — 530  29^3. 

1845 

—53  3° 

Moore. 

1846 

—53  33 

At  magnetic  observatory. 

1847 

—53  4i 

“ “ “ 

1848 

—53  47 

66  66  66 

1849 

-53  52 

66  66  66 

1850 

—53  58 

66  66  66 

1851 

—54  02 

66  66  66 

1857 

—54  36 

Frigate  Novara. 

I873-9 

—55  56-3 

IT.  M.  S.  Challenger,  at  observatory. 

1890-1 

—57  15*2 

E.  D.  Preston,  “ “ 

It  would  appear  that  the  negative  dip  at  Cape  Town,  between  1841 
and  1851,  increased  at  an  annual  rate  of  5' -3,  between  1851  and  1874  at 
a rate  of  S'-O,  and  between  1874  and  1890  at  a rate  of  4/*9. 

St.  Helena. 


Date. 

Dip. 

Observer. 

1840 

0 / 

-21  15 

At  magnetic  observatory,  Longwood. 

1841 

— 21  26 

66  66  66 

1842 

— 21  25 

66  66  66 

1843 

—21  45 

66  66  * 66 

1844 

—21  56 

66  66  66 

1845 

-21  55 

66  66  66 

1846 

— 22  14 

66  (.  66 

1847 

—22  37 

66  66  66 

1848 

—22  49 

66  66  66 

1 890- 1 

—31  ii-o 

E.  D.  Preston,  at  Longwood. 

Between  1840  and  1848  the  annual  increase  of  negative  dip  was  ll'*7, 
and  between  1848  and  1890  it  was  IT  *9. 
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The  local  disturbances  at  the  island  are  very  prominent ; for  the  an- 
chorage and  vicinity  of  Jamestown  we  have: 


Date. 

Dip. 

n,  1 
Observer. 

1839 

1840 
1842 
1846 
1890-1 

0 / 

—17  55 

—18  21 
— 17  01 
—19  23 

—29  39 

Du  Petit  Thouars  (anchorage). 
Ross  (Sister’s  Walk). 

Belcher  (Sister’s  Walk). 
Smythe  (Sister’s  Walk). 

E.  D.  Preston,  Jamestown. 

Between  1839  and  1890  the  average  animal  increase  in  negative  dip 
was  13'-S  about. 

Ascension  Island . 


Date. 

Dip. 

Observer. 

1834 

1836 

1839 

1842 

1863 

1864 
1876-2 

1890-2 

0 / 

+ 1 57 
+ 1 39 
-f-  o °6 

— 0 08 

— 4 47 

— 5 57 

— 7 56-i 

— 9 57-2 
—11  37’9 
—12  1 1*7 

Allen. 

Fitz  Roy. 

Du  Petit  Thouars. 

Allen. 

H.  M.  S.  Hecate. 

Rockeby. 

Challenger  { at  Gree^Mountain. 
}E.D.  Preston  {1*^* 

At  this  station  the  average  annual  increase  of  negative  dip  between 
1834  and  1890  has  been  about  14' -5. 


Barbados * 


Date. 

Dip. 

Observer. 

1890-3 

0 / 

+43  08-2 

E.  D.  Preston,  at  Bridgeport. 

* For  observations  of  1835, 1836,  and  1846  see  Appendix  Ho.  6,  Report  for  1885,  page  246. 

Bermuda,  f 

Date. 

Dip. 

Observer. 

1890-4 

0 / 

+64  47'6 

E.  D.  Preston,  at  Nonsuch  Island. 

t For  early  observations  (1831  to  1873)  see  Appendix  Ho.  6,  Report  fbr  1885,  pages  247, 248. 
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As  a general  result  we  note  that  at  all  stations  for  the  present  (and 
for  a number  of  years  past)  the  dip,  where  positive  (north  end  dipping), 
is  decreasing,  or,  what  is  the  same,  where  negative  (southend  dipping), 
is  increasing. 

The  magnetic  intensities  given  below  are  all  that  could  be  found  for 
the  stations  visited  by  Mr.  Preston. 

The  observed  and  computed  values  of  the  horizontal  component  (H) 
and  for  the  total  amount  (F)  of  the  magnetic  force  at  Washington  will 
be  found  in  Appendix  No.  6,  Report  for  1885,  pages  150-155,  267-271. 
To  this  collection  we  can  now  add : 


Year. 

H. 

in  Brit, 
units. 

H. 

in  dynes. 

F. 

in  Brit, 
units. 

F. 

in  dynes. 

Observers. 

1 886-5 

4*403 

0-2030 

I3*I94 

0-6084 

C.  A.  Schott  and*)  At  Magnetic  Observa- 
E.  D.  Preston  j-  tory,on  First  st.  SE. 

1887-5 

4-406 

0-2031 





C.  A.  Schott  j Magnetometer  No.  7. 

1887-6 

4-361 

0201 1 

13-031 

0-6008 

J.  B.  Baylor  \ At  Magnetic  station  of  Of- 

1888-5 

4*359 

02010 

13-006 

0-5997 

J.  B.  Baylor  / fice;  Magnetometer  No.  3. 

1889-7 

4*364 

0-2012 

13-028 

0-6007 

E.  D.  Preston,  at  Magnetic  station  of  Of- 
fice; Magnetometer  No.  11. 

St.  Vincent  Island . 


1876-3 

6-262 

0-2887 

8-577 

o*3955 

Challenger  expedition. 

1889-9 

5*938 

0-2738 

8-o  16 

0-3696 

E.  D.  Preston,  at  Porto  Grande. 

Cape  Town. 


1842 

4*45 

0-2053 

7*43 

0-3426 

Belcher. 

i844*5 

4*46 

0-2056 

7*5i 

0-3463 

At  Magnetic  Observatory. 

1845 

4*46 

0-2057 

7*5o 

o-3458 

Moore. 

i845*5 

4*50 

0-2077 

7*58 

o*3495 

At  Magnetic  Observatory. 

1857 

4*47 

0-2059 

7-71 

0*3555 

Austrian  frigate  Novara. 

1873-9 

4*314 

0-1989 

7-704 

0*3552 

Challenger  expedition. 

1 890- 1 

4*155 

0-1916 

7-682 

0-3542 

E.  D.  Preston,  at  Observatory. 

St.  Helena. 


1840 

5*66 

0-2612 

6-o8 

0-2803 

Ross,  at  Longwood  Observatory. 

1840 

5*96 

0-2749 

6-28 

0-2896 

Crozier,  at  Sisters  Walk. 

1840 

5*96 

0-2749 

6-28 

0-2896 

Ross,  at  Sisters  Walk. 

1846 

5*93 

0-2736 

6-29 

0-2900 

Smythe,  at  Sisters  Walk. 

1890-1 

5*407 

0-2493 

6-222 

0-2869 

E.  D.  Preston,  at  Jamestown. 

1890-1 

4-960 

0-2287 

5*795 

0-2672 

E.  D.  Preston,  at  Longwood  Observatory. 
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Ascension  Island. 


Year. 

H. 

in  Brit, 
units. 

H. 

in  dynes. 

F. 

in  Brit, 
units. 

F. 

in  dynes. 

Observers. 

1842 

1863 

1864 
1876-2 
1876-2 
1890-2 
1890-2 

6-6i 

6-o6 

6.29 

6.075 

6-125 

5’975 

5-804 

0-3048 

0-2793 

0-2902 

0-2801 

0-2824 

o-2755 

0-2676 

6-6 1 

6-o8 

6-33 

6-133 

6-217 

6.101 

5-938 

0-3048 

0-2803 

0-2918 

0-2828 

0-2867 

0-2813 

0-2738 

Belcher. 

H.  M.  S.  Hecate. 

Rockeby. 

Challenger  expedition,  at  Georgetown. 
Challenger  expedition,  at  Green  Mountain. 
E.  D.  Preston,  at  Georgetown. 

E.  D.  Preston,  at  Green  Mountain. 

Barbados .* 

1890-3 

6-556 

0-3023 

8-985 

1 

0-4I43 

E.  D.  Preston,  at  Bridgetown. 

* For  observations  earlier  than  the  year  1890,  see  Appendix  No.  6,  Report  for  1885,  pp.  240-247. 

Bermuda,  t 

1890.4 

5-060 

0.2333 

11. 881 

0.5478 

E.  D.  Preston,  at  Nonsuch  Island. 

t For  early  observations  and  at  various  localities,  see  Appendix  No.  6,  Report  for  1885,  pp.  24G-249. 


We  note  a systematic  decrease,  both  in  the  horizontal  component 
and  in  the  total  force,  between  the  latest  dates  at  the  following  places: 
At  Barbados,  at  the  Cape  Verde  Islands,  at  Ascension  Island,  at  St. 
Helena,  and  at  Cape  Town. 
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RESULTS  OF  THE  OBSERVATIONS  RECORDED  AT  THE  U.  S.  COAST  AND 
GEODETIC  SURVEY  MAGNETIC  OBSERVATORY  AT  LOS  ANGELES,  CAL., 
IN  CHARGE  SUCCESSIVELY  OF  MARCUS  BAKER,  ACTING  ASSISTANT, 
CARLISLE  TERRY,  JR.,  SUB  ASSISTANT,  AND  RICHARD  E.  HALTER, 
ASSISTANT,  BETWEEN  THE  YEARS  1882  AND  1889. 

PART  III— RESULTS  OF  THE  DIFFERENTIAL  MEASURES  OF  THE 
HORIZONTAL  INTENSITY. 


Discussion  and  report  by  Charles  A.  Schott,  Assistant. 
[Submitted  for  publication  December  31,  1891.] 
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INTRODUCTORY  NOTE. 

The  general  plan  and  object  of  these  magnetic  observations  has  been 
explained  in  the  preceding  Parts  I and  II, * and  the  instruments  both 
for  absolute  and  differential  measures  have  there  been  described.  The 
present  or  third  part  deals  with  the  reduction,  analysis,  and  discussion 
of  the  hourly  measures  of  the  horizontal  force  from  continuous  photo- 
graphic registration  during  seven  years  by  an  A.die  magnetograph. 
The  method  of  reduction  being,  cceteris  paribus , the  same  as  that  em- 
ployed in  Part  II  for  the  differential  measures  of  the  declination,  no 
further  exposition  of  it  will  here  be  needed. 

THE  BIFILAR  MAGNETOMETER. 

The  adjustment  of  this  instrument  has  remained  undisturbed  t from 
the  time  it  was  set  up  to  the  (dose  of  the  observations,  and  its  scale 
value  was  determined  at  least  once  a year.  The  magnet  and  ap- 


*U.  S.  Coast  and  Geodetic  Survey  Report  for  1889-’90,  Appendices  Nos.  8 and  9. 
t Excepting  a small  change  on  February  13,  1889. 
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Results  of  the  differential  measures  of  the  horizontal  intensity  from 
observations  recorded  at  Los  A ngeles , Cal. 

pendages  were  suspended  by  twp  threads  each  composed  of  six  single 
silk  fibers.  The  scale  is  mounted  on  the  reading  telescope,  and  is 
exactly  like  the  scale  of  the  unifilar  magnetometer;  it  is  placed  with  the 
zero  division  towards  the  north,  hence,  with  the  five  hundredth  (or 
last)  division  towards  the  south,  the  numbers  as  seen  through  the 
telescope  appear  erect  and  increase  from  left  to  right. 

The  magnet  is  suspended  in  the  magnetic  prime  vertical  with  its 
north  (seeking)  end  to  the  west,  and  increasing  scale  readings  indicate 
a movement  of  the  west  (or  north  seeking)  end  of  the  magnet  towards 
the  north,  hence  correspond  to  increasing  horizontal  force. 

The  suspension  thread  consists  of  double,  untwisted,  raw  silk  fiber, 
of  six  parts;  the  length  is  14*1  inches,  or  35*81cm.  The  distance  between 
the  suspension  fibers  at  the  upper  end  is  0*242  of  an  inch  or  0*615cm, 
and  at  the  pulley  of  the  lower  end  0*374  of  an  inch  or  0*950cra. 

The  torsion  head  of  the  bifilar  is  exactly  the  same  as  that  of  the 
unifilar  in  size  and  graduation. 

The  angular  value  (a)  of  a division  of  the  scale  is  found  as  follows: 
Length  of  a division  of  the  scale,  l = 0*0197  of  an  inch  or  0-05cm,  front 
edge  of  rim  of  scale  to  mirror,  41*38  inches;  or  105*105cra;  thickness  of 
rim,  0-065  of  an  inch  or  0T65cm;  two-thirds  of  thickness  of  mirror, 
0-067  of  an  inch  or  0*170cm ; hence  r = 105*44cm,  which,  when  multiplied 
by  cos  2f  ° in  consequence  of  slant  measure,*  becomes  105-32cm. 

a — 3437*75  ~ = 0/*8160,  which  has  been  adopted. 

To  determine  the  corresponding  space  on  the  cylinder  through  which 
the  luminous  dot  will  move,  we  have  given : the  distance  from  recording 
cylinder  to  face  of  mirror,  57*84  inches  (146-91cm)  + two-thirds  thickness 
of  mirror,  0-067  of  an  inch  (0-170cm)  = 147*08  cm;  hence,  corresponding 

space  on  cylinder  = ^ = 0-06982em  or  100  scale  divisions 

equal  to  6-98cm  measured  perpendicularly  to  the  base  of  the  bifilar 
trace. 

SCALE  VALUE  IN  TERMS  OF  THE  HORIZONTAL  FORCE. 

For  determining  the  value  of  a scale  division  in  terms  of  the  force, 
three  methods  are  available;  they  have  all  been  employed  at  Los 
Angeles  with  closely  concurrent  results. 

First  method  ( torsion  angle). — By  this  method  we  have  the  scale  co- 
efficient h expressed  in  parts  of  the  horizontal  component  H of  the 
force  given  by 

h = = a In'  — n)  cot  v 

11 

* Mr.  Baker  points  out  that  the  inclination  of  the  scale  to  the  horizontal  plane 
passing  through  the  center  of  the  mirror  should  be  taken  into  account  in  the  value 
of  r , in  the  case  of  the  bifilar  as  well  as  of  the  unifilar.  The  scale  is  2 inches 
(5*08cm)  above  this  plane,  and  the  angle  is  about  2|°. 
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wliere  a = the  value  of  one  division  of  the  scale  in  radians 

= ra  = °-°0023737 

n'  and  n = any  two  scale  readings,  and 

v — angle  of  planes  of  detorsion  (in  the  magnetic 
prime  vertical)  and  of  suspension. 

First  determination  made  on  September  21, 1882,  M.  Baker,  observer. 
The  bifilar  magnet  was  first  suspended  in  the  magnetic  meridian  and  the 
plane  of  detorsion  likewise  was  placed,  by  trial,  into  the  same  plane ; 
the  torsion  head  then  read  60°  30'.  A repetition  of  this  operation  on 
the  next  day  gave  60°  32'  -5 ; the  scale  read  254-4.  The  magnet  was 
then  removed  and  a brass  weight  (to  weigh  the  same  as  the  magnet) 
inserted  in  its  place  5 the  scale  then  read  126-0;  the  difference,  128-4,  or 
its  angular  value  0-816x128-4  = 1°  44' -8,  is  the  angle  between  the 
magnetic  meridian  and  the  plane  of  detorsion;  the  latter  plane  lies 
consequently  FT.  1°  44'  -8  W.  from  the  magnetic  meridian.  The  plane 
of  detorsion  when  in  the  magnetic  meridian  reads,  therefore,  at  the 
torsion  head  60°  32/-5  + 1°  44' -8  =62°  17'  -3.  The  bifilar  magnet  was 
next  put  in  position  with  the  torsion  head  to  read  267°  00',  hence 
we  have  90°  + v = 62°  17' -3  + 360°  00'-  267°  00' = 155°  17'-3  and 
v = 65°  17'*3. 

Putting  nl  — n = 1 for  one  division,  we  get 

Tc  = 0-00023737  cot  65°  17'  -3  = 0-0001092. 

Second  method  (by  weights). — By  this  method  we  ascertain  the  change 
of  scale  readings  by  the  addition  of  a given  weight,  say  of  part  of 
the  combined  weight  of  the  magnet,  stirrup,  pulley,  mirror,  and  £ sus- 
pension. On  August  30,  1882,  the  weight  of  magnet  and  appendages 
was  found  to  be  1 730  grains  (112-10  grammes),  and  the  weights  of  the 
two  small  brass  weights  were  actually  or  ostensibly*  the  part 
of  this. 

The  pulley  used  was  the  middle-sized  one.  On  September  22, 1882,  a 
set  of  observations  was  made  with  weights  alternately  off  and  on,  with 
the  mean  effect  of  a diminution  of  the  scale  reading  with  weight  on  of 
91-08  scale  divisions;  hence 

fc  = = 0-0001098 

Third  method  (by  deflections). — For  this  a special  apparatus  is  pro- 
vided. A deflecting  magnet  D,  held  horizontally  in  the  magnetic  merid- 
ian, is  placed  consecutively  at  a given  convenient  distance,  and  end  on 
to  the  north  and  to  the  south  of  the  middle  of  the  bifilar  magnet,  and 
the  deflections  of  the  latter  are  observed ; it  is  next  placed  horizontally 


* The  particular  pulley  referred  to  is  not  specified,  but  the  weigher,  Mr.  J.  J.  Clark, 
Office  of  Standard  Weights  and  Measures,  was  to  use  the  medium-sized  one. — [Sch.] 
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in  the  magnetic  prime  vertical,  $nd  on  to  tlie  middle  of  the  unitilar 
magnet  and  at  the  same  distance  from  it,  as  in  the  case  of  the  bililar 
magnet  to  the  east  and  west  of  it,  and  the  deflection  of  the  unitilar 
magnet  is  noted.  Let  n = number  of  scale  divisions  which  the  bifilar 
is  deflected  and  u = the  angle  through  which  the  unitilar  is  deflected, 
then 

, tan  u 


On  September  22,  1882,  a set  of  deflections  was  made  at  a distance 
of  1 foot  and  11  inches,  or  58*42cm,  and  it  was  found  that  n = 148-77 
scale  divisions  and  u = 68-82  scale  divisions  = 68-82  x 0'-794  = 54'  38"*6 ; 
therefore 

tan  54'  38"*6 


fc  = 


148-77 


0-0001069 


RECAPITULATION  OF  VALUES  DETERMINED  SEPTEMBER  22,  1882. 
First  method  (torsion)  Tc  = 0-0001092  ) 

Second  method  (weights)  1098  > mean  value,  0-0001086 

Third  method  (deflections)  1069  ) 

It  was  deemed  unnecessary  to  give  in  detail  the  observations  for 
scale  values  subsequently  made;  they  were  all  by  the  method  of  de- 
flections and  at  three  distances  between  the  extremes,  2-000  and  1-833 
feet*  (60-96  and  55-87cm),  the  accord  in  the  results  by  the  several  dis- 
tances is  so  close  that  we  only  present  here  the  mean  values. 

Synopsis  of  results  for  value  of  one  division  of  scale  of  the  bifilar , 
expressed  in  parts  of  the  horizontal  force. 


Year. 

Month  and 
day. 

Observer. 

k 

Remarks. 

1882 

Sept. 

22 

M.B. 

0-000 1 086 

Mean  from  3 methods. 

1882 

Oct. 

3i 

M.  B. 

1094 

Mean  from  2 methods. 

1883 

Aug. 

1 

M.  B. 

1082 

3 sets  of  deflections. 

1884 

July 

22 

M.B. 

1086 

u 66 

<<  « 

1885 

July 

1 

C.  T. 

1102 

66  66 

66  66 

1886  * 

June 

25 

C.  T. 

1089 

66  66 

66  ii 

1887 

Jan. 

4 

C.  T. 

IO94 

66  66 

66  66 

1887 

June 

24 

R.  E.  H. 

IO99 

6 6 66 

<<  << 

1887 

Dec. 

29 

R.  E.  H. 

IO97 

u cc 

66  66 

1888 

June 

26 

R.E.  H. 

IIOI 

u 66 

66  66 

1888 

Dec. 

20 

R.  E.  IT. 

1098 

66  66 

66  66 

1889 

Oct. 

1 

R.  E.  H. 

1091 

“ “ 

66  66 

Mean 

0-0001093 

±1 

* The  deflecting  magnet  pulls  the  bifilar  magnet  entirely  off  the  scale  at  a distance 
of  1-75  feet. 
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which  value  has  been  adopted.  The  value  of  k is  practically  constant 
throughout  the  period  of  observations,  and  would  also  indicate  that 
there  was  no  appreciable  loss  in  the  magnetic  moment  of  the  bitilar 
magnet. 

The  reading  of  the  traces  was  effected  similarly  to  the  method 
employed  for  reading  the  unifilar  traces;  the  hourly  tabulation  of  the 
readings  uncorrected  for  effect  of  changes  of  temperature  was  made  by 
the  respective  observers.  Interpolations  were  made  by  me  by  the 
method  already  indicated,  and  such  values  are  given  within  brackets. 

DETERMINATION  OF  THE  TEMPERATURE  OF  THE  HORIZONTAL  AND 

VERTICAL  FORCE  MAGNETS  AND  METHOD  OF  REDUCTION  OF  OB- 
SERVATIONS TO  A UNIFORM  TEMPERATURE.* 

For  determining  the  correction  which  the  tabulated  scale  readings  of 
the  horizontal  and  vertical  force  magnets  require,  the  following  provi- 
sions were  made:  (1)  Under  each  bell  glass  near  to  and  parallel  with 
the  magnets  were  placed  standard  mercurial  (centigrade)  thermome- 
ters and  read  daily  at  stated  times.  (2)  In  the  northwest  corner  of  the 
magnet  room,  on  a shelf  about  a meter  above  the  floor,  was  placed  a 
clock  and  thermograph,  as  devised  by  Mr.  Werner  Suess,  mechanician 
to  the  Survey,  for  continuous  automatic  record  of  the  temperature  of 
the  room.t  This  arrangement  consists  in  a device  whereby  a needle 
point  is  moved  with  variations  of  temperature,  and  depending  upon  the 
inequality  in  the  coefficients  of  expansion  of  zinc  and  glass,  along  the 
surface  of  a revolving  cylinder,  around  which  is  wrapped  a sheet  of 
soft  paper.  Every  half  hour  the  clock  automatically  closes  a circuit 
acting  upon  an  electromagnet,  by  means  of  which  the  needle  point  is 
made  to  prick  a hole  in  the  paper.  With  unvarying  temperature  these 
holes  are  found  in  a straight  line,  but  with  varying  temperature  they 
form  curves,  the  amplitudes  of  which  are  proportional  to  the  variations 
of  temperature.  The  clock  was  placed  in  position  in  October,  1882, 
and  regular  observations  commenced  November  5,  1882.  From  an  in- 
spection of  the  curves  produced  it  became  evident  that  the  magnet 
room  was  coldest  at  about  8 a.  m.  and  warmest  at  about  5 p.  m.  On 
February  1, 1883,  systematic  observations  of  the  temperatures  indicated 
by  the  thermometers  under  the  bell  glasses  at  about  these  hours  of  the 
day  were  commenced,  thus  furnishing  complete  data  for  the  tempera- 
ture corrections.  After  reaching  Washington  in  September,  1884,  Mr. 
Baker,  with  the  aid  of  Mr.  J.  W.  G.  Atkins,  set  to  work  to  tabulate  the 
thermograms  and  to  deduce  the  mean  daily  and  hourly  temperatures 
of  the  magnets.  From  several  measures  by  himself  and  Mr.  Terry  it 
was  found  that  on  the  time  scale  (a  German  silver  ruler)  4-648  inches 

*This  paragraph  is  taken  from  Mr.  Baker’s  record  with  but  slight  modification. 

t A description  and  draAving  of  the  instrument  is  on  file  in  the  Office,  vide  Mr. 
Suess’s  report  of  January  7,  1883,  to  the  Superintendent,  on  the  mounting  and  adjust- 
ing of  the  Adie  maguetograph  at  Los  Angeles. 
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or  11*81  cm.  represented  24  hours.  The  ordinate  scale  consists  of  a 
triangle  of  German  silver  graduated  into  equal  (but  arbitrary)  spaces. 
This  unit  space  was  J of  an  inch  (.3175  cm.),  and  it  was  subdivided  in 
halves.  The  numbers,  each  of  -fa  of  an  inch,  range  from  7 at  the  base 
to  36  at  the  top  of  the  triangle,  and  in  reading  the  fifteenth  line  of  the 
scale  was  made  to  coincide  with  the  base  line  on  the  thermogram. 
With  this  arrangement  increasing  numbers  correspond  to  diminishing 
temperatures.  Tenths  of  divisions  were  estimated. 

To  determine  the  mean  daily  and  mean  hourly  temperatures  of  the 
force  magnets  from  this  tabulation  the  observer  proceeded  as  follows : 

Let  Si  s2  s3 $24  be  the  scale  readings  at  the  hours  1,  2,  3 24 

and  sm  the  mean  scale  reading  of  the  day  = (s,  + s2  + s3  -f $24) ; 

let  ti  t2  t3 tu  be  the  temperature  of  the  bifilar  (or  vertical  force) 

magnet  at  the  hours  1,  2,  3 24  and  tm  the  mean  daily  temperature 

or  A (^i  + ti  + h + ^24)7  of  which  t8  and  /17  are  the  only  values  ob- 

served; then,  assuming  the  variations  of  the  scale  readings  to  be  pro- 
portional to  the  changes  of  temperature,  we  have 

(^m  — is)  • (^17  — kt)  = (^m  — #8)  • (#17  — ^}) 

whence  tm  = ts  4-  (tf17  — t8)  ~ - 

$17  — S9 


in  degrees  centigrade. 

From  this  formula  the  mean  daily  temperatures  of  the  force  magnets 
may  be  computed. 

To  determine  the  mean  hourly  temperature  for  each  month , let 

Si  S2  S3 be  the  mean  scale  readings  for  a month  at  the  respective 

hours,  and  Sh  the  general  symbol  for  any  hour;  also  let  Tt  T2  T3 

be  the  mean  temperatures  for  a month  of  the  bifilar  (or  vertical  force) 
magnet  at  the  respective  hours  and  Th  the  general  symbol  for  any 
hour;  then,  as  before, 

T„  = Ts  + (Su  - 8s)  r^A8 

^>17  — ^>8 


where 


Tc 


S17  - Sa 


is  constant  for  any  one  month. 


The  hourly  tabulation  of  the  thermograph  and  the  bi-daily  readings 
of  the  bell-glass  thermometers  were  continued  up  to  May  10,  1885, 
when  the  thermograph  was  discontinued  in  consideration  of  the  fact 
that  the  daily  range  of  the  temperature  of  the  magnets  was  quite 
small  and  the  law  of  its  hourly  variation  well  understood. 

As  it  would  serve  no  particular  purpose  to  encumber  this  report 
with  the  hourly  record  of  the  temperature  of  the  magnet,  it  will  suffice 
to  present  here  a table  showing  the  diur  nal  variation  of  the  tempera- 
ture of  the  magnet  for  the  monthly  averages.  The  table  was  taken 
from  the  observer's  computation. 
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Abstract  of  mean  hourly  temperature  of  the  bijilar  magnet 

[In  degrees  centigrade.] 


1883. 


Local 

hours. 

Jan.  Feb.  Mar. 

Apr. 

May.  June,  July.  Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

O O 

0 

O 

OOO 

0 

O 

0 

O 

i 

18-55  21-71 

2112 

23*36  26-90  28*77  29*02 

30-28 

25-33 

23*17 

21-99 

2 

18-40  21-62 

20-98  2^-28  26*79  28*65  28*87 

30-18 

25-24 

23-03 

21-84 

3 

18-26  21-55 

20*88 

23*20 

26-70  28-57  28*75 

30-06 

25-18 

22*93 

2174 

4 

18-15  21-46 

20-81  2316 

26-6l  28-49  28-65 

29-97 

25-13 

22-85 

21*62 

5 

18-06  21-40 

20*71 

23*09  26-54  28-42  28*55 

29-90 

25-09 

22-76 

21*52 

6 

17-98  21-32 

20*62 

23*07  36-47  28-37  28*45 

29-83 

25-07 

22-67 

21-42 

7 

17*90  21*28 

20-56  23-06  26*45  28*34  28*42 

29*79 

25-07 

22"6l 

21*31 

8 

17*86  21*27 

20-58 

23*l6 

26-56  28-36  28-47 

29-77 

25-10 

22-56 

21*22 

9 

17-91  2i*33 

20-72 

23-3I 

26-75  28-44  28-62 

29*85 

25-21 

22*57 

21-19 

IO 

18-19  21-51 

20-98 

23-55 

27-I2  28-69  28*97 

30*02 

25 '.39 

22*77 

21*30 

1 1 

18-35  21-57 

21-09 

23*63 

27*21  28-8l  29-18 

30*14 

25-48 

22*92 

21-45 

Noon. 

__  _ _ 18-65  21-67 

2125 

23*76 

27-32  29*02  29*45 

30-35 

25-63 

23*14 

21*71 

13 

18-90  21-82 

21-45 

23-89 

27*49  29*28  29*71 

30*63 

25*79 

23-45 

21*99 

14 

19*15  22-01 

21-64 

23*99 

27*65  29-51  29-99 

30-85 

25-92 

23-75 

22-23 

15 

19-36  22*  1 6 

21-75 

24*03 

27-74  29-64  30*17 

31*02 

26-02 

23*97 

22 '48 

16 

19-52  22*28 

21*86 

24- 1 1 

27*82  29-74  30-26 

3I-I5 

26-08 

24-15 

22-65 

17 

19-63  22*33 

21*92 

24*13 

27-89  29-80  30-34 

31-25 

26*14 

24*29 

22"8o 

18 

19*68  22*36 

21*99 

24*15 

27-99  29-83  30-40 

31-33 

26*22. 

24-35 

22*84 

19 

19*64  22*32 

21*97 

24-I3 

28-03  29-85  30*40 

31*29 

26*15 

24*25 

22*77 

20 

I9*5I  22*23 

21*89 

24*03 

27-95  29-75  30-26 

3I-I3 

26*00 

24*08 

22*62 

21 

19*36  22*11 

2i*75 

23-92 

27*78  29*53  30-01 

30-89 

25*81 

23-89 

22*46 

22 

19-17  21*99 

2i*59 

23*76 

27*59  29-29  29*74 

30-66 

25-63 

23-68 

22*30 

23 

18-99  2I-87 

21*44 

23*62 

27*40  29*07  29*53 

30*48 

25-49 

23-46 

22*12 

Midn’t. 

18-80  21-75 

21*27 

23*48 

27-23  28*90  29*31 

30*30 

25-34 

23-29 

21*97 

Means. 

18-75  21-79 

21*28  23*62  27*25  29-05  29-40 

30*46 

25-56 

2336 

21-98 
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Abstract  of  mean  hourly  temperature  of  the  bifilar  magnet. 

[In  degrees  centigrade.] 

1884. 


Local 

hours. 

Jan. 

Feb. 

Mar. 

Apr. 

May.  June. 

July- 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

O 

0 

0 

O 

O 

0 

0 

O 

O 

O 

0 

0 

I 

20-08 

20-54 

20-89 

21-02 

23-08 

25-69 

28-37 

29-40 

27-26 

24-86 

23-33 

21-08 

2 

1993 

20-45 

20-78 

20-93 

23-00 

25-60 

28-24 

29-29 

271 1 

2475 

23-22 

2099 

3 

19-80 

20-42 

20-67 

20-87 

22-96 

25-51 

28-16 

29-17 

27-00 

24-65 

2313 

20-91 

4 

1970 

20-34 

20*6 1 

20-79 

22-92 

25-43 

28-05 

29-12 

26-91 

24-55 

23-06 

20-83 

5 

19-64 

20-27 

20-53 

20-72 

22-87 

25-37 

27-95 

29-01 

26-85 

24-44 

22-98 

20-74 

6 

1957 

20-21 

20-47 

20-68 

22-85 

25-31 

27-86 

28-93 

26-80 

24-32 

22-91 

20-65 

7 

19-49 

20-14 

20-40 

2063 

22-84 

00 

in 

N 

27-81 

28-86 

26-75 

24-24 

22-84 

20-57 

8 

19-42 

20-08 

20-41 

20-67 

22-88 

25'34 

27-85 

28-89 

26-76 

24-19 

22*81 

205 1 

9 

19-43 

20-10 

20-44 

20-96 

23-17 

25 -73 

28-16 

29-23 

26-93 

24-35 

22-92 

20-52 

IO 

I9-57 

20- 1 8 

20-68 

21-45 

23-32 

25-76 

28-25 

29-29 

27-05 

24-47 

23-04 

20-68 

1 1 

19-65 

20-27 

20-76 

21-45 

23-34 

25-84 

28-37 

29-41 

27-22 

24-65 

23-24 

20-87 

Noon. 

19-88 

20-43 

20-89 

21-46 

23-40 

25-95 

28-56 

29-57 

27-41 

24-89 

23-50 

20-84 

13 

20-14 

2061 

20-99 

2i-55 

23-50 

26-03 

28-72 

29-74 

27-58 

25-11 

23-80 

21-05 

14 

20-43 

20-82 

21  - 1 1 

21-64 

23-61 

26-11 

28-91 

29-93 

27-75 

2571 

24- 1 3 

21-26 

15 

20-67 

21-00 

2 1 - 1 8 

21-71 

23-69 

26-16 

29-05 

30-05 

27-87 

25A7 

24*35 

21-45 

16 

20-90 

2I"l8 

21-25 

21-76 

23-77 

26-22 

29-14 

3017 

28-00 

25-60 

24-55 

21-62 

17 

21*11 

2129 

21-30 

21-84 

23-85 

26-29 

29-25 

30-22 

28-11 

25-71 

24-66 

21-74 

18 

21-24 

21-40 

21-38 

22-00 

23-95 

26-40 

29-38 

30*2.9 

28-17 

25-79 

24*75 

21-87 

19 

2118 

21-36 

21-38 

21-93 

23-90 

26-39 

29-35 

30-25 

28-15 

25-75 

24-62 

21*81 

20 

2101 

21-23 

21-31 

2I-8i 

23-80 

26-33 

29-25 

30-17 

28-03 

25-60 

24-37 

21-64 

21 

20-77 

21-07 

21-21 

21-64 

23-68 

26-24 

29-08 

30-06 

27-88 

25A3 

24-10 

21-47 

22 

20-59 

20-94 

,2I-o8 

21-47 

23-56 

26-10 

28-90 

29-89 

27-69 

25-23 

23-84 

21-30 

23 

20-43 

20- 80 

20-95 

21*33 

23-43 

25-97 

28-72 

29-73 

27-51 

25-06 

23-65 

2114 

Midn’t. 

20-27 

20-68 

20-82 

21-23 

23-31 

25-86 

28-50 

29-58 

27-35 

24-90 

23;5o 

2101 

Means. 

to 

q 

to 

0 

20-66 

20-89 

21-31 

23-36  25-87  28-58  29-59 

27-42 

24-97 

23-64 

21-10 

H.  Ex.  43,  pt.  2 4 
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Abstract  of  mean  hourly  temperature  of  the  bifilar  magnet . 

1885. 


Local 

hours. 

Jan. 

Feb. 

March. 

April. 

Local 

hours. 

Jan. 

Feb. 

March. 

April. 

O 

0 

0 

0 

0 

0 

0 

0 

I 

20- 6o 

22-14 

23*94 

24-90 

13 

20-73 

22-29 

24*47 

25-17 

2 

20-45 

21-97 

23*83 

24-78 

14 

21-07 

22"6l 

24-72 

25-26 

3 

20-37 

21-87 

23*75 

24-68 

15 

21-34 

22-89 

24-84 

25*31 

4 

20-28 

21-79 

23-64 

24-60 

16 

2i*53 

23-07 

24*93 

25*38 

5 

20-21 

2171 

23*59 

24*53 

17 

21-70 

23*27 

25-02 

25*41 

6 

20-14 

21-59 

23*53 

24-48 

18 

21-83 

23*44 

25-16 

25*45 

7 

20-04 

21-48 

23-48 

24-42 

19 

21-77 

23-42 

25*i5 

25*45 

8 

19*95 

21-41 

23*49 

24-41 

20 

21-56 

23*24 

24*99 

25*42 

9 

19*95 

21-37 

23-67 

24-60 

21 

21-33 

23-02 

24*77 

25*35 

IO 

19*99 

21-48 

23-80 

24*73 

22 

2113 

22-76 

24-58 

25-22 

ii 

20-17 

21-70 

23-96 

24-91 

23 

20-97 

22-55 

24*37 

25-12 

Noon. 

20-42 

21-98 

24-21 

25*03 

Midnight 

.20-79 

22-35 

24-20 

25-01 

Means. 

20-76 

22-31 

24*25 

24-98 

The  average  daily  range  of  the  temperature  of  the  magnet  is  as 


follows : 

0 

0 

In  January, 

1-85  c. 

In  July, 

1-54  C. 

February, 

1-74 

August, 

1-70 

March, 

1-25 

September, 

i*49 

April, 

1-28 

October, 

1*38 

May, 

i-io 

November, 

1-86 

June, 

1*35 

December, 

1-50 

Average  daily  range  during  the  year,  1°*50  0.,  which  small  variation 
is,  in  a great  measure,  due  to  the  equable  climate  of  the  place  and  the 
protection  afforded  by  the  double  walls  of  the  observatory.  The  dif- 
ference of  the  mean  temperatures  of  the  wrarmest  and  coldest  month  is 
likewise  small,  viz,  9°  *2  0.,  on  the  average  during  seven  years. 

Temperature  coefficient  of  the  bifilar  magnet. — The  effect  of  a change 
of  temperature  of  the  magnet  on  its  magnetic  moment  was  determined 
in  two  ways : First,  by  direct  observations,  alternately  heating  and  cool- 
ing the  magnet;  and,  secondly,  by  extracting  from  the  differential  series 
of  observations  themselves  the  required  temperature  correction. 

(a)  The  direct  observations  of  September  7 and  11, 1882,  by  means  of 
deflections  were  made  in  accordance  with  u Directions  for  measurement 
of  terrestrial  magnetism,”  Appendix  No.  8,  Coast  and  Geodetic  Survey 
Eeport  for  1881,  pages  155,  156.  The  bifilar  magnet  was  placed  south 
end  eastward  in  a copper  box  on  deflecting  bar  2 feet  east  of  the  uni- 
filar  magnet,  and  then  alternately  heated  and  cooled  by  means  of  warm 
water  and  ice.  Special  readings  for  changes  of  declination  during 
these  observations  were  made  with  Magnetometer  No.  8,  but  these 
subsequently  proved  anomalous,*  and  the  average  diurnal  law  of 
change  during  October  was  substituted  in  their  place,  retaining  only 
the  first  and  last  readings. 

* Supposed  due  to  the  development  of  torsion  in  the  suspension  while  the  temper- 
ature of  the  air  was  rapidly  changing. — Sch. 
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Results  of  the  differential  measures  of  the  horizontal  intensity  from 
observations  recorded  at  Los  Angeles , Cal. — Continued. 


The  results,  however,  did  not  prove  satisfactory,  as  may  be  seen 
from  the  observations  of  September  7,  viz : 

Observations  for  temperature  coefficient , q = of  the  horizontal 

force  magnet  September  7,  1882. 


[Observers : Baker  and  Suess.] 


Local 

time. 

No. 

Read, 
of  Unif. 
Mag. 

Corr’n 

for 

diurnal 

change. 

Corr’d 
reading 
U.  Mag. 

Temp. 

(Fahr.). 

h.  m. 

d. 

d. 

d. 

11  00 

326-0 

+°‘i 

326-1 

0 

12  00 

1 

127-1 

4-1-6 

128-7 

35-8 

33 

2 

127-4 

4-17 

129-1 

49*5 

50 

3 

128-0 

+ i-8 

129-8 

53-o 

13  °5 

4 

128-5 

+ i-8 

130*3 

65*8 

24 

5 

128-8 

4-i*6 

130-4 

7i-5 

40 

6 

129-7 

+ i*3 

i3I-° 

79-0 

50 

7 

130-2 

4-I-I 

1313 

89-5 

14  06 

8 

130-4 

4-0-8 

131*2 

8i*o 

22 

9 

130-4 

-fo-6 

I3I>0 

70*4 

36 

10 

130-2 

-j-O‘2 

130-4 

6o-8 

5o 

11 

I3°’4 

— 0*1 

130*3 

54*3 

is  05 

12 

130-6 

—o-4 

130-2 

49-0 

35* 

13 

129-8 

— 1-2 

128*6 

33*o 

16  15 

• 

3281 

— 2-0 

3261 

Combina- 

tion. 

U.M. 

reading 

(mean). 

Temp. 

(Fahr.). 

n 

t — to 
(Fahr.). 

d. 

0 

d. 

0 

1 and  13 

128-65 

34*40 

+i-6i 

4-28-61 

2 12 

129-65 

49-25 

4-0-61 

+ 1376 

3 11 

130-05 

53-65 

-j-O-21 

+ 9-36 

4 10 

130*35 

63-30 

—O-O9 

— 0-29 

5 9 

130-70 

70*95 

—0-44 

— 7-94 

6 8 

131-10 

8o-oo 

— 0-84 

—1699 

7 

131-30 

89-50 

—1-04 

—26-49 

Means. 

130-26 

63-01 

2f 

4-84 

I03-44  = 

= 57°'47  C. 

t All  values  of  n and  of  t — 10  being  taken  positive. 


' d.  d.  ° ' 

« = 0794  (326-1  — 130-26)  = 2 35-5 
a =0794/343775  =0-000231 
.\  q zr=  0-000430 

and  ^ = 3-95  scale  divisions  of  the  horizontal  force  instrument. 
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This  value  is  rather  large,  and  the  observations  of  September  11  give 
a still  larger  value  for  qfk , nearly  7 scale  divisions;  neither  set  was 
satisfactory  to  the  observer,  hence  we  have  recourse  to  the  method — 

( b ) Determination  of  the  value  of  q from  the  differential  observations 
themselves.  This  is  the  better  method,  as  it  takes  in  all  circumstances 
attending  changes  of  temperature  and,  in  particular,  changes  in  sus- 
pension of  magnet.  For  this  purpose  the  series  from  February,  1883, 
to  April,  1885,  was  selected  as  the  interval  for  which  the  temperature 
of  the  magnet  was  best  known.  The  photographic  traces  were  then 
examined  and  the  dates  noted  when  the  traces  were  smooth  and  appar- 
ently normal.  The  daily  mean  temperature  (tm)  corresponding  to  these 
quiet  days  and  their  daily  mean  scale  readings  ( sm ) were  tabulated  for 
each  month,  and  a value  for  q deduced  as  follows : The  monthly  data 
were  arranged  in  two  groups,  one  of  days  with  mean  temperature 
above,  the  other  with  mean  temperature  below  the  average;  for  each 
group  the  mean  temperature  (t)  and  the  mean  scale  readings  (s)  were 

/]  o 

taken ; hence,  q = — ^ in  scale  divisions,  for  1°  C.  The  following  ex- 
ample will  show  the  process : 

OCTOBER,  1883. 


Date. 

Group. 

Date. 

tm 

Group. 

d. 

0 

d.. 

0 

i 

3I5-03 

28*49 

I 

23 

3l8*32 

26*81 

I 

2 

3 1 6*04 

26*76 

I 

24 

321*00 

26*46 

I 

3 

3I9-38 

27*07 

I 

27 

325*70 

24*00 

II 

7 

322*38 

24*82 

II 

28 

329OO 

23-42 

II 

8 

322*38 

25'14 

II 

29 

328*32 

24-45 

II 

9 

321*73 

25-73 

I 

30 

323-38 

25.58 

II 

IO 

32210 

25*78 

I 

3i 

324*40 

2531 

II 

1 1 

321-59 

26*04 

I 

21 

31943 

25.22 

II 

Mean. 

25*66 

22 

3I9-75 

25-14 

II 

d.  0 

For  Group  I we  have  8=319*40  and  <=26*64  C. 

For  Group  II  we  have  323*86  24*79 

A«=  4*46  A .*=  l85 

hence  q=  2*41  divisions. 

The  number  of  quiet  days  in  a month  vary  from  8 to  19;  but  two 
months,  June  and  July,  1883,  failed  to  give  admissible  values  for  q,  viz, 
5-5  and  4-7,  which  are  abnormally  large  and  were  rejected. 


Recapitulation  of  resulting  values  for  q. 


d. 

Feb.  1883,  2*57 

d. 

Sept.  2*93 

d. 

Feb.  3*09 

d. 

July  2*00 

d. 

Dec.  2*04 

Mar. 

2*86 

Oct. 

2*41 

Mar. 

2-57 

Aug. 

2*31 

Jan.  1885,  1 7 1 

Apr. 

341 

Nov. 

2'8l 

. Apr. 

i-73 

Sept. 

i*75 

Feb. 

i*66 

May 

3-°° 

Dec. 

3*00 

May 

1*67 

Oct. 

2*34 

Mar. 

2*68 

Aug. 

i-37 

Jan.  1884,  2*47 

June 

3-I3 

Nov. 

3*73 

Apr. 

2*70 
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Mean  of  25  values  q=2-48±0-08  scale  divisions,  which  value  has 
been  adopted  $ it  is  equal  to  0-000  269 ± -000  009  part  of  the  horizontal 
force.* 

The  next  step  in  the  reduction  consisted  in  the  application  of  a cor- 
rection to  each  hourly  scale  reading  for  difference  in  temperature  of  the 
bifilar  magnet  from  an  adopted  mean  or  standard  temperature  T0,  for 
which  we  take  23°-6  O.,  as  derived  from  the  monthly  mean  values  for 
temperature  of  the  intensity  magnets  during  seven  years  and  given  in 
the  following  table: 

Monthly  mean  values  of  the  temperature  of  the  bifilar  and  the  bal- 
ance magnets  derived  from  the  readings  of  the  thermometers  under  the 
bell  glasses  of  the  magnetometers,  1882-?89. 


Month. 

Bif. 

Bal. 

Diff. 

Month. 

Bif. 

Bal. 

Diff. 

October. 

0 

25 ‘4 

0 

247 

0 

07 

April. 

0 

22-2 

0 

21-6 

0 

06 

November. 

22’9 

22-2 

07 

May. 

23-6 

22-9 

07 

December. 

21*2 

20-6 

06 

June. 

260 

25-3 

07 

January. 

19*6 

18-9 

07 

July. 

28-1 

27-3 

o-8 

February. 

20-1 

x9'4 

07 

August. 

28-8 

28-0 

o-8 

March. 

21-2 

20-5 

07 

September. 

28-4 

276 

o-8 

Average  annual  temperature  of  bifilar  magnetometer  23-96  O. 

Average  annual  temperature  of  balance  magnetometer  23-25 

Mean,  T0  23-06  O. 

The  constant  difference  (0°-7)  between  the  temperatures  of  the  mag- 
nets is  due  to  the  circumstance  that  the  bell  glass  of  the  bifilar  instru- 
ment was  high  and  received  more  heat  from  radiation  of  the  lamps 
than  the  low  glass  cover  of  the  balance  magnetometer. 

To  reduce  the  scale  reading  (s)  corresponding  to  a temperature  (t)  of 
the  magnet  to  what  it  would  be  if  the  magnet  were  at  the  standard 
temperature  T0,  we  have,  accordingly,  the  correction,  A s = 2-48  ( t — 
T0),  which  correction  lias  been  applied  to  the  tabular  hourly  readings 
for  the  whole  seven-year  series. 

This  important  but  laborious  work  was  entrusted  to  Mr.  L.  A.  Bauer, 
and  such  aid  given  him  as  could  be  had  at  the  time.  A full  account  of 

* After  the  instrument  had  been  transferred  to  San  Antonio,  Tex.,  Assistant  A. 
Braid  made  two  sets  of  direct  observations  for  q by  means  of  deflections  and  with 
readings  of  a unifilar  magnet.  February  19,  1890,  from  11  readings,  extending  over 
6 hours,  and  temperature  changes  of  the  bifilar  magnet  between  2°  and  50°  C.,  he 
found  q=0‘000193;  again,  on  February  24,  1890,  from  21  readings  during  8 hours 
and  with  temperatures  varying  from  0°-5  to  41°  C.,  he  found  q=0'000  240  part  of  the 
horizontal  force.  This  would  indicate  that  our  adopted  value  is  within  the  limits 
of  uncertainty  incidental  to  direct  observation. 


54 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


the  detail  of  this  process  will  be  found  in  the  footnote*,  and  appears 
over  his  own  signature. 


* Reduction  of  bijilar  scale-readings  to  standard  temperature , 23°'6C. — We  have  from 
above,  the  correction : 

As=2-48(<-T0)  . (1) 

As  the  hourly  thermogram-readings  tabulated  by  the  observer  are  not  given  in 
degrees  centigrade  but  in  arbitrary  scale-divisions,  it  was  found  most  convenient  to 
express  T0  = 230,6C.,  as  nearly  as  could  be,  in  thermogram  scale-divisions  and 
adapt  formula  (1)  accordingly. 

Let  m = value  of  one  thermogram  scale-division  in  degrees  centigrade,  s/  s2'  s3' . . s' 24, 
the  hourly  thermogram  scale-readings,  and  S0'  = T0  expressed  in  thermogram  scale, 
divisions,  then  we  have  t = ms'  and  T 0 = mS0',  substituting  which  in  equation  (1) 
there  results : 

A*  = 2*48m(«/— S0')  . . (2) 

To  find  m and  S0'  we  proceed  as  follows : 

I~f  <8  and  t|7  be  the  readings  of  the  centigrade  thermometer  under  the  bifilar  bell- 
glass  at  the  hours  of  8 and  17,  s'g  and  s'l7,  the  corresponding  thermogram  scale-read- 
ings, and  assuming  that  the  variations  of  the  thermogram  readings  are  proportional 
to  the  changes  in  temperature  of  the  magnet,  we  have : 

T0 — 13:  tn — t$  ::  S0' — Sg'  : s'n — s3 
or  50'  = 88'  + (To-(8)^!i=^8 

tn  — tg 

and  as  m = 

S'17 S 8 

So'  — s' s + ~ (23°  -6  — 18)  . . (3) 

For  every  day  on  which  the  thermograph  was  operated  and  readings  of  the  ther- 
mometer under  the  bell-glass  taken,  we  shall  have  one  value  of  m and  one  of  S0'. 
This  was  done  from  February  1,  1883,  to  May  9,  1885,  inclusive,  or  828  days  (one  day 
having  been  missed,  viz:  February  14,  1884).  Only  the  mean  monthly  values  were 
computed,  however,  as  it  was  found  that  the  daily  values  were  subject  to  consid- 
erable variation,  chiefly  due  to  variability  of  base  line  of  thermogram,  necessitating 
a small  daily  correction  to  any  mean  value  of  m and  So'  that  might  be  adopted; 
hence,  only  approximate  values  were  wanted. 

The  mean  monthly  values  are : 


From  February,  1883,  to 
July,  1884,  inclusive,  de- 
creasing scale-readings 
corresponded  to  increas- 
ing temperatures,  but  in 
August,  1884,  the  base 
line  was  changed  so  that 
increasi ng  scale-  read- 
ings corresponded  to  in- 
creasing temperatures. 


Month. 

VI 

So' 

Month. 

771 

So' 

Month. 

7)1 

S„' 

1883 

O 

d 

1883 

0 

d 

1884 

0 

d 

Jan. 

Nov. 

— o’ 76 

18  • 2 

Aug. 

+o-76 

ii'i 

Feb. 

— CC65 

*7*5 

Dec. 

•67 

i7'9 

Sept. 

•68 

fo-7 

1884 

Mar. 

•69 

18-7 

Jan. 

‘74 

177 

Oct. 

*7i 

10*9 

Apr. 

'71 

18-3 

Feb. 

•78 

18  "o 

Nov. 

•69 

II  "2 

May 

•76 

18-7 

Mar. 

*75 

18-3 

Dec. 

'74 

n*5 

June 

•76 

19*0 

Apr. 

•68 

17-8 

1885 

Jan. 

*73 

11 '6 

July 

•83 

18-7 

May 

•67 

180 

Feb. 

•76 

IT  -6 

Aug. 

'79 

ig’o 

June 

•68 

185 

Mar. 

'73 

n*4 

Sept. 

'77 

*9*3 

July 

•67 

ig‘6 

Apr. 

May 

'74 

ii'i 

Oct. 

'75 

18-9 

'79 

ii'i 

Mean. 

18*4 

°‘?3 

11  a 

[Of  all.] 
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We  adopt  then: 

m So' 

° d 

February,  1883-July,  1884  . . . —0*73  18*4 

August,  1884-May,  1885  . . . + 0*73  11*2 

Substituting  these  values  in  equation  (2),  we  get : 

Feb.,  1883-July,  1884  A S = — 2-48  X*0*73  (s'  — 18-4)  = — 1-8  (s'  — 18-4)  > 4) 

Aug.,  1884-May,  1885  A S = 2*48  + X 0*73  (s'  — 11-2)  = + 1*8  (s'  — 11-2)  S “ ‘K 

The  correction  obtained  from  these  equations  constitutes  the  primary  temperature 
correction  to  which  a small  secondary  correction  has  to  be  applied,  due  to  variabil- 
ity of  base  line  of  thermogram  and  to  reduction  of  temperature  of  thermograph,  or 
room,  to  that  of  the  bifilar  magnet.  This  secondary  correction  is  obtained  by  noting 
the  differences  in  the  corrections  at  8h  and  17h,  as  derived  from  above  formulae  and 
as  derived  from  the  absolute  temperature-readings  at  these  hours  and  distributing 
these  differences  uniformly  over  the  interval.  This  secondary  correction  may 
amount  to  3 bifilar  scale-divisions,  but  is  generally  less  than  2 (on  the  average 
about  1),  whereas  the  primary  may  amount  to  20;  the  average  total  correction  for 
the  seven  years  is  about  4 6.  Conveniently  arranged  tables  were  then  constructed 
and  the  temperature  correction  supplied  in  this  way  from  February,  1883,  to  May  9,  1885. 
For  8h  and  17h  the  corrections  were  obtained  from  the  absolute  temperature  read- 
ings. For  this  portion  of  the  work  the  data  for  supplying  the  temperature  correc- 
tion were  best  known,  and  hence  these  two  years  form  the  strongest  part  of  the 
series.  On  May  10,  1885,  the  thermograph  was  discontinued  and  only  the  tempera- 
tures of  the  thermometers  under  the  bell-glasses  at  8h  and  17h  were  observed,  these 
being  very  nearly  the  hours  of  minimum  and  maximum  temperatures. 

Method  of  supplying  temperature  correction  from  May  10,  1885,  to  September,  1889.-— 
From  a discussion  of  the  complete  series  of  hourly  temperature  corrections  for  the 
two  years  beginning  with  February,  1883,  and  ending  February,  1885,  the  following 
tables  were  drawn  up : 

Diurnal  variation  of  temperature  correction. 


[Expressed  in  bifilar  scale-divisions,  one  division  being  equal  0.000109  in  parts  of  H.  A plus  sign 
indicates  greater,  a minus  sign  less  temperature  tban  mean  of  day.] 


Hour. 

Feb., 

1883, 
to 

Feb., 

1884. 

Feb., 

1884, 
to 

Feb., 

1885. 

Mean 

of 

2 years. 

Mean. 

Hour. 

Feb., 

1883, 
to 

Feb., 

1884. 

Feb., 

1884, 

to 

Feb., 

1885. 

Mean 

of 

a years. 

Mean. 

Sum- 
mer 
months. 
Apr.  to 
Sept. 

Winter 
months. 
Oct.  to 
Mar. 

Sum- 
mer 
months. 
Apr.  to 
Sept. 

Winter 
months. 
Oct.  to 
Mar. 

it 

—0*56 

—042 

-0-49 

—o' 66 

— 0’32 

T3h 

+o'38 

-H>’«7 

40*32 

+°'52 

+°’*3 

2 

—o' 82 

-o'68 

-°'7S 

— C87 

—0*63 

14 

-fo'92 

+0-69 

4°’8i 

40*90 

+0-72 

3 

— 1 '04 

— 0’92 

—0*98 

— i’ii 

— o'85 

*5 

+*'31 

4*'°6 

4***8 

4* ‘*8 

4* ' *8 

4 

— 1 ‘18 

— I '08 

— 1 ' * 3 

— 1*21 

-1 ’05 

16 

4*  62 

+i’36 

4* ’49 

+*'39 

+*'58 

5 

— 1 "45 

— 1*29 

— 1 "37 

-1-47 

— 1*26 

*7 

-fi'86 

+1*60 

+*'73 

4*' 60 

4i*86 

6 

— 1 ’62 

-I '47 

-*'54 

— i-64 

“i  "44 

18 

-j-2'02 

+i-86 

+*‘94 

4*'8i 

42*07 

7 

— i'6g 

— 1 '62 

-i'6s 

— 1*72 

-i*58 

*9 

+1-92 

+*'73 

+1*82 

+i*76 

+1*89 

8 

— 1*72 

— 1 '64 

-i'68 

— 1 63 

-i’73 

20 

-fi'64 

+1*41 

+*’53 

+*•52 

4* '54 

9 

-1-52 

-i*i7 

•“*’35 

— 1 ’09 

— 1 '61 

21 

+1*16 

4*' 02 

+1*09 

4* ’08 

4*  '09 

IO 

-0-95 

— C85 

—0*90 

-o’55 

-I-2S 

22 

+0-69 

-f-O'62 

4° '66 

40-63 

-(-o’ 68 

ii 

—p- 68 

— 0*58 

—0-63 

— o' 32 

—o-94 

23 

+0-25 

-{-o' 22 

40-24 

+0  *22 

40-25 

Noon 

— o‘  18 

-0*17 

—o'  18 

-fo'o6 

0*41 

Midn’t 

— o'i8 

— 0*12 

-o' 15 

— 0*18 

— 0*12 
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Hours  of  minimum  and  maximum  temperatures  for  the  various  months . 


Month. 

Minimum. 
1883.  1884. 

1885. 

Maximum. 

1883.  1884.  1885. 

h. 

h. 

h. 

h. 

h. 

h. 

Jan. 

- 

8 

8 

- 

18 

18 

Feb. 

8 

8 

9 - 

18 

18 

18 

Mar. 

8 

7 

7 

18 

18 

18 

Apr. 

7 

7 

8 

18 

18 

18-5 

May 

7 

7 

- 

18 

18 

- 

June 

7 

7 

- 

19 

18-5 

- 

July 

7 

7 

- 

19 

18*5 

- 

Aug. 

„ 7 

7 

- 

18 

18 

- 

Sept. 

8 

7 

- 

18 

i8-s 

- 

Oct. 

7 

8 

- 

18 

18 

- 

Nov. 

8 

8 

- 

18 

18 

Dec. 

9 

8 

- 

18 

18 

- 

From  the  foregoing  tables  and  curves  constructed  from  them  we  learn  the  fol- 
lowing : 

1.  The  minimum  temperature  of  day  occurs  at  about  7h  30m  a.  in.,  on  the  yearly  aver- 
age, happening  about  half  an  hour  earlier  in  summer  and  half  an  hour  later  in 
winter. 

2.  The  maximum  temperature  occurs  at  about  6 p.  m.  both  in  winter  and  summer, 
and  is  about  0°T  C.  higher  than  at  17h,  as  recorded  by  observer. 

3.  The  temperatures  at  17h  and  19h  are  very  nearly  the  same. 

4.  The  law  of  change  between  8lj  and  17h  can  be  taken  as  a linear  one,  the  mean  of 
these  hours  occurring  at  about  12h  30,n. 

5.  The  mean  of  17h  and  8h  (of  next  day)  occurs  at  about  23.5h,  the  law  of  change 
between  the  time  of  this  mean  and  19h  and  7h  (of  next  day)  being  very  nearly  a 
linear  one. 

The  above  deductions  were  utilized  as  nearly  as  could  be  in  supplying  the  tem- 
perature corrections  at  all  hours  other  than  8 11  and  17h,  which,  as  before,  were  derived 
from  the  absolute  temperature  readings. 

Temperature  correction  for  October , 1882,  to  February,  1883. — These  four  months  re- 
quired special  treatment,  and  could  not  be  handled  until  after  the  discussion  of  the 
complete  two-year  series  of  hourly  temperature  corrections,  as  given  above.  As 
they  form  the  beginning  of  the  seven-year  series,  the  data  for  supplying  the  temper- 
ature correction  were,  necessarily,  more  or  less  incomplete. 

For  October  the  absolute  temperature  reading  of  the  magnet  was  taken  once  a day, 
and  occasionally  twice,  giving  one  or  two  corrections  every  day.  The  diurnal  law 
of  change,  as  determined  from  the  months  of  October,  1883  and  1884,  was  then  ap- 
plied differentially  to  the  solitary  correction.  Similarly  the  first  four  days  in 
November  had  to  be  treated.  On  November  5,  11  a.  m.,  the  thermogram  readings 
began  and  a solitary  reading  of  the  thermometer  under  the  bell  glass  taken,  generally 
at  9 a.  m.  Occasionally,  however,  two  readings  were  taken.  From  this  day  to  Feb- 
ruary 1,  1883,  the  method,  as  explained  in  the  first  part  of  this  paper,  was  followed. 
These  four  months  constitute  the  weakest  part  of  the  series. 

The  temperature  corrections  obtained  by  me,  as  explained  in  the  preceding  remarks, 
were  applied  to  the  observer’s  tabulated  bifilar  scale  readings,  anti  a new  copy  fur- 
nished by  Mr.  W.  C.  Maupin,  of  the  computing  division.  The  revision  of  his  work 
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Results  of  the  differential  measures  of  the  horizontal  intensity  from 
observations  recorded  at  Los  Angeles , Gal. — Continued. 

and  the  furnishing  of  the  monthly  hourly  means  was  intrusted  to  Messrs.  James 
Page  and  J.  B.  Boutelle,  both  of  the  computing  division.  The  daily  and  monthly 
means  were  supplied  with  the  aid  of  a comptometer. 

An  approximate  check  upon  the  work  was  obtained  by  a comparison  of  the 
monthly  hourly  means  with  the  observer’s,  approximately  corrected  for  tempera- 
ture. The  close  agreement  of  the  two  monthly  means  derived  from  the  hourly  and 
from  the  daily  means  served  as  a further  check  against  gross  errors. — [L.  A.  Bauer, 
April  1,  1891.' 
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MAGNETIC  OBSERVATORY  OF  THE  COAST 

Differential  observations  of  the  horizontal 


[Recapitulation  of  mean  hourly  values  of  reduced  scale-readings  for  magnet  at  normal  temperature 

horizontal  force.  Increasing  scale 


Year. 

Month. 

1* 

2* 

3h 

4h 

5b 

6* 

7h 

8h 

9h 

IOh 

Ilh 

Noon 

1882. 

Oct* 

130*3 

I30-5 

131*0 

131*9  I3I-8  I3I-I 

129*6  127*9 

125-9 

125-4 

124*2 

1251 

Nov. 

122*5 

122*3 

124*2 

121*9 

123*4 

123*0 

121*8 

119*1 

ii6*8 

114*1 

1 12*8 

1 15-2 

Dec. 

129*9 

I30*2 

131*2 

131*3 

i3i-9 

1324 

133-6  1339  133-2 

130*2  126*4  125*2 

1883. 

Jan. 

I35-I 

135-0 

135*8  136*4  136*6  137*3 

137*6  136*6  135*4  131*5  127*6  128*4 

Feb. 

I3T4 

134*2 

1350  1356 

136*2  136*9 

137-4  136-3  135-3  131*9  131-0 

130*7 

Mar. 

I36-3 

137*0 

137*6  138*2 

138*4  138-4 

137*2 

136  3 135  3 i35-o 

1340 

133-2 

Apr. 

I42-2 

141*6 

141*1 

141*6 

1413 

141*2 

140*8  138*6  136*4  135*2 

135-2 

135-8 

May 

143-5 

i43'3 

143*3 

143*2 

143-9 

144*2 

143*2 

140-5 

140*4  141*6  141*9 

I43-I 

June 

H3-2 

144-3 

142-8  143*3 

143*3 

I43-I 

141-1 

1391 

1390 

I4I-4 

143*2 

143-7 

July 

I38-5 

138*2 

137*8  138*2 

138*6  1391 

1377  136*2 

134-8  135-6  136-4  1368 

Aug. 

139*8 

140*6 

140-5 

1405 

140-3 

140*7 

138*2  134*6 

1347 

1360  136*4  136*8 

Sept. 

I31-5 

1317 

1317 

132*8 

132*2 

I33-I 

130*1 

126*8 

125*8 

126*1 

126*2 

127*2 

Oct. 

I269 

127*4 

128*3 

128*5 

128*3  127-6 

125-4 

121*3 

120*1 

ii9'9 

120*1 

120*8 

Nov. 

121*0 

121*7 

122*3 

124*0 

124*2  123*6 

1233 

121*1 

118*8 

1167  116*3  117*9 

Dec. 

1 19*6 

120*2 

121*3 

121*5 

122*5 

1233 

1235 

122*3 

120*3 

116*5  ”37  113  4 

1884. 

Jan. 

121*0 

122*4 

122*8 

122*5 

123*5  123-8 

124*0 

1231 

120*1 

1151 

iio*8 

iii*6 

Feb. 

122*9 

1233 

124-2 

124*8 

1251 

125*6 

126*7  127*7 

127*2 

124*8  120*7 

117*2 

Mar. 

124*1 

125*6  125*6 

126*1 

125*6  125*9 

1250 

122*3 

II9-3 

ii8*9  1187  ii8*6 

Apr. 

128*1 

128*2 

129*3 

I29-5 

129*2  129*8 

127*1 

125*7 

124*9 

1250 

123*2 

1231 

May 

I33-I 

133-2 

132*6 

I32-5 

133-2 

133*2 

131*9  130*6  131*6 

i33-o 

132-7. 

I32-5 

June 

I30*8 

I3I-9 

131-5 

I32-I 

132-3 

132*9 

131*6  130*9 

1310 

1321 

131*8  132*7 

July 

126*4 

127*3 

127*2 

127*6 

128*2 

128*2 

126*6 

124*1 

124-5 

1260 

127*5  128-5 

Aug. 

126*9 

126*2 

126*8 

127*0 

126*8  126*4  123*8 

121*2 

122*0 

122*1 

122*1 

123*0 

Sept. 

1207 

120*4 

121*4 

121*8 

122*0 

I2I*I 

1 18*5  115*6 

I 14*8 

II5-I 

II6.4 

117*6 

Oct. 

115-4 

116*2 

ii6*6 

117*2 

117*3  116*9 

1160 

1134 

I II* 9 

ni'5 

1 1 2*  I 

112*6 

Nov. 

1 14*2 

115-0 

1160 

n6*6 

1161 

II7-4 

ii7*i 

1 16*3 

114*2 

iu*8 

109*1 

108*5 

Dec. 

112*3 

1 12*9 

113-8 

1147 

115-4 

1157 

116*5  116*4 

115*1 

112*2 

108*5  1087 

1885. 

Jan. 

112*0 

112*8 

113*8 

114*1 

1151 

II5-4 

115*8  116*2 

II4-5 

IIIO 

107*9 

107*2 

Feb. 

mo 

1 1 1*4 

112*3 

112*8 

1130 

113*2 

112*3 

1 12*1 

1 10*1 

110*2 

109*1 

107*8 

Mar. 

IIIO 

110*9 

1 1 1*5 

112*6 

112*5 

112*3 

112*5 

1 10*5 

109*3 

108*9  106*9  105*1 

Apr. 

110*9 

in  5 

1 12*6 

112*4 

113-6  113-3 

112*0 

110*0 

108*3 

108*1 

109*0 

109*7 

May 

110*1 

iii*6 

111*7 

1 1 1*4 

1 1 1*9 

11 1 5 

110*5 

110*1 

1 10*1 

110*3 

1 10*1 

IIO*  I 

June 

108*4 

109*1 

109*  1 

109*2 

109-5 

1 io*6 

1090 

107*4 

107*4 

108*2  109*6  iio*6 

July 

1 10*4 

1 10*0 

110*2 

iio*5 

1 10*7 

1 1 1'3 

109*3  105-8 

io5-3 

106*8  1087 

1 10*1 

Aug. 

103*7 

104*2 

103-3 

1 04*  1 

104*5 

104*4 

102*2 

990 

98*9 

100.3 

101*2 

102*6 

Sept. 

98*6 

99*2 

99*0 

99*6 

99*9 

100*5 

98*2 

95-5 

93*6 

93  *3 

93-5 

92.9 

Oct. 

95-5 

96-5 

97-0 

97-5 

97-8 

97’9 

97*1 

940 

91*8 

91*8 

92*7 

93-7 

Nov. 

94*8 

95-8 

96*1 

96-9 

97*2 

97-2 

97-3 

96-3 

94*4 

92*1 

9i  1 

90-9 

Dec. 

93*0 

93*5 

94-5 

94-9 

95-3 

95*7 

96-3 

96*8 

95-o 

93'2 

90-4 

89-4 

1886. 

Jan. 

88*9 

89-4 

88*7 

90-5 

91*2 

92-5 

92*6 

93-4 

93*7 

90-9 

86*2 

84-3 

Feb. 

9i-5 

92-5 

93-4 

93-7 

94-i 

94*8 

95*5 

965 

96-4 

95-2 

93*6 

90-3 

Mar. 

92*9 

940 

92-9 

94*6 

94*0 

92-9 

92-7 

91*0 

89*2 

88*i 

86*7 

86*3 

Apr. 

90*0 

9i-7 

91*6 

91*8 

92*3 

93*0 

91*1 

89*2 

88*5 

88*i 

88*3 

88*4 

May 

93-4 

94-4 

94*2 

94*i 

94*7 

94’4 

92-9 

90*0 

89*2 

90*3 

9°-9 

92*0 

June 

93*0 

93-8 

93-9 

93-6 

94-5 

94*4 

93*7 

92-4 

934 

94"4 

956 

957 

* Corrected  for  3 breaks  in  scale. 
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AND  GEODETIC  SURVEY,  LOS  ANGELES,  CAL. 

component  of  the  magnetic  force. 

for  each  month,  1882  to  1889,  200  divisions  + tabular  quantity;  one  division  of  scale  equals  0-000109  of 
divisions  indicate  increasing  force.] 


13b  14b 

i5h 

1 6^ 

17b 

1811 

19b 

20h 

21 h 

22b 

23b 

Midn’t 

Mean. 

124*9  I24'9 

126*8 

126*0 

126*1 

127*4 

128*0 

126*9 

127*2 

129*5 

1281 

129*9 

127*9 

116*4  ii6*8 

117*3 

ii8*6 

II9-3 

1 17*2 

120*2 

1 18*4 

119*2 

118*5 

119*5 

121*9 

1197 

125*5  127*8 

129*3 

129*9 

130*8 

130*2 

129*8 

128*3 

128*9 

129*7 

129*5 

130*4 

130*0 

130*0  133*3 

134*6 

i35-o 

134*6 

i35-o 

i35*i 

I3T4 

133-8 

133-8 

134-7 

134-4 

134*2 

129*4  130*2 

I3**2 

130*2 

130-3 

130*9 

130-5 

130*8 

131-2 

i3i-4 

133*2 

132*9 

132*8 

i33-o  134-5 

135-4 

136*4 

135-8 

134*2 

134-5 

133-7 

134*6 

I35-3 

1355 

136*9 

135-7 

136*2  135*7 

137*4 

138*2 

137-4 

137*2 

137*6 

139*0 

139*8 

139*8 

140*4 

140*5 

138*8 

143*2  143*3 

142-5 

141*4 

140*3 

139*6 

140*3 

140*7 

140*9 

142*0 

1421 

143-9 

142*2 

142*6  142*5 

141-5 

138*2 

137*2 

138-3 

138-1 

140*2 

140*5 

142*2 

142*4 

142*4 

141*4 

136*9  136*6 

134*2 

134*2 

133-0 

133-5 

133-8 

I33-9 

134*6 

1355 

136-3 

136-3 

136-1 

137*1  137*8 

138*0 

138*2 

136*9 

137-6 

1377 

138*7 

139*2 

139*0 

139*8 

140*1 

138-3 

128*9  130*2 

131-4 

131*1 

129*8 

129*2 

1 30- 1 

130-1 

129*0 

128*2 

129*7 

129*9 

129*7 

123*3  124*5 

124-3 

124*9 

124-5 

1257 

125*9 

125-8 

126*3 

126*0 

1257 

126*8 

124*9 

119*3  120*1 

120*4 

II9-7 

120*2 

120*8 

119*8 

II9-7 

119*7 

120*2 

120*8 

120*1 

120*5 

115*6  117*6 

II9'3 

120*0 

120*4 

120*2 

120*0 

119*7 

II9-5 

II9-5 

119*0 

119*8 

119-5 

H4"4  II77 

120*8 

122*1 

121*7 

121*8 

121*9 

1217 

121*0 

120*9 

121*0 

121*6 

120*3 

ii6*8  117*1 

118*4 

120*0 

120*5 

121*7 

121*8 

121*3 

120*3 

120*6 

I2I*I 

122*0 

122*2 

119*4  121*5 

122*6 

122*4 

121*9 

120*8 

121*2 

122*0 

121*9 

123*2 

122*9 

123*7 

122*5 

124*3  125*4 

126*3 

125*9 

124-5 

124*4 

125*0 

I25-4 

126*9 

1271 

126*7 

127*6 

126*4 

i33-o  I33-3 

1315 

I30-5 

129*3 

129*5 

1 30*  I 

130*8 

1317 

131*8 

I327 

133-2 

1320 

132*8  132*3 

130*8 

129*1 

127*9 

127*9 

129*0 

129*2 

129*8 

130-3 

I30*6 

I3I*0 

I30*9 

127*5  126*5 

125-5 

123*6 

122*2 

122*9 

124*1 

124*7 

1250 

125*1 

126*8 

127*0 

126*0 

123*3  122*9 

122*9 

122*5 

122*6 

124*5 

124*7 

124*9 

125*2 

125-4 

I25A 

125-5 

124*3 

118*5  1 19*1 

h8-3 

I.i8*2 

I l8*I 

1 1 8*4 

117*9 

1187 

119-5 

1187 

II9-7 

119*6 

118*8 

113*3  1140 

II4-5 

114*4 

113*8 

113*8 

112*8 

112*3 

112*6 

ri3"3 

II3-5 

1144 

114*2 

109*3  no-6 

1117 

112*7 

I 12*7 

113*6 

113*0 

113-1 

112*5 

112*2 

112*3 

112*9 

“3-3 

109*3  m o 

1125 

113*6 

1137 

113*5 

112*6 

m-3 

iii*3 

1117 

111*2 

iii*9 

112*7 

108*3  109*8 

iio*9 

111*1 

111*0 

111*9 

m*8 

1117 

112*2 

112*0 

112*2 

m*8 

1 12*1 

108*2  108*5 

109*3 

109*2 

109*8 

109*7 

1 io*5 

109*6 

110*2 

1 10*0 

110*4 

110*7 

110*5 

105*1  106*4 

1087 

109*7 

109*4 

109*5 

109*5 

109*8 

109*5 

109*6 

109*9 

iio*6 

109*6 

iii*o  mo 

m*5 

111*9 

1 12*1 

IH-2 

110*5 

109*6 

109*4 

109*5 

109*8 

iio*3 

1 io*8 

109*5  109*0 

108*2 

107*0 

IO57 

106*6 

106*9 

1067 

107*1 

107*6 

107*0 

109*1 

109*2 

iio*6  109*7 

108*9 

1067 

104*9 

104*5 

105*1 

106*1 

106*3 

107*2 

i°8'3 

108-3 

108*1 

iio*8  iio*6 

107*9 

105*9 

105*1 

104*8 

106*1 

106*2 

106*0 

107*4 

108*2 

109*5 

108*2 

102*6  102*8 

102*0 

99*9 

98-7 

99*0 

99*4 

ioo*6 

ioo*8 

100*5 

102*5 

103*3 

1017 

94*3  96*1 

96*3 

95-4 

95-5 

95-7 

95-8 

96*0 

95‘4 

96*0 

96*2 

97*6 

96-4 

94-5  95-3 

95-5 

95-3 

95-6 

95*6 

94*4 

94*9 

94-7 

94*2 

95-i 

95-6 

95-2 

90*6  91*7 

93*2 

94*0 

94-5 

94*2 

94*2 

93*6 

93*2 

92*8 

93’4 

93*6 

94*i 

90*5  90*8 

92*4 

92*8 

93*2 

92*8 

92*6 

92-3 

92-5 

92*6 

91*8 

92*2 

93-i 

84*0  85*3 

87*1 

88*4 

88*6 

88*4 

88*2 

87*6 

87-7 

88*o 

88*i 

89*1 

88*9 

89*9  89*5 

89*7 

90-5 

9i-3 

91*9 

90*8 

90*6 

91*2 

90-9 

90-9 

91*0 

92-3 

86*4  88*i 

89*7 

88*o 

8o*o 

88*i 

89*4 

89*6 

89*0 

89*6 

89-7 

90*3 

90*  1 

88*5  89*1 

89*7 

88*8 

88*8 

87-2 

88*3 

89-7 

87-5 

89*2 

89-5 

89-5 

89*6 

92*1  920 

917 

89*6 

88*4 

88*o 

88*3 

89*0 

90-4 

90-3 

92-3 

93i 

9i*5 

95-5  93-7 

90*3 

87-9 

88*o 

87*6 

89*2 

90*0 

90-4 

90*  8 

91*9 

93-5 

92-4 

60 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


MAGNETIC  OBSERVATORY  OF  THE  COAST 


Differential  observations  of  the  horizontal 

[Recapitulation  of  mean  hourly  values  of  reduced  scale-readings  for  magnet  at  normal  temperat  are 

horizontal  force.  Increasing  scale 


Year. 

Month. 

Ik 

2h 

3h 

4h 

5h 

6h 

7b 

8h 

9h 

IOh 

Ilh 

Noon 

1886. 

July 

9°*7 

90-9 

90-4 

90-4 

9°’5 

913 

89-6 

87*4 

87*5 

877 

887 

89*6 

Aug. 

90-0 

90-2 

89-9 

89-6 

90-3 

897 

87  5 

84-1 

83-6 

84-8 

86-2 

87*5 

Sept. 

87-8 

88-6 

89-3 

89-6 

90- 0 

89-4 

86-5 

84-0 

82-3 

83- 1 

847 

86-4 

Oct. 

837 

84*4 

84-0 

85-1 

85-1 

85-1 

83*9 

79*7 

78-1 

79*5 

8^9 

808 

Nov. 

78-2 

78-1 

78-9 

79-2 

797 

8o-o 

79*8 

79*i 

77*i 

75*5 

75*o 

73*7 

Dec. 

757 

75-8 

76*1 

76-5 

77-6 

77-6 

78*5 

79*2 

79*5 

77*3 

73*4 

72-3 

1887. 

Jan. 

74'9 

74-5 

74-6 

75*3 

76  *3 

76-4 

77-o 

76*9 

76-6 

72-9 

67-2 

66-2 

Feb. 

73-6 

74*o 

75-o 

757 

76*2 

76-4 

77*4 

78.6 

78-0 

76-0 

72-5 

71-4 

Mar. 

76-1 

77-2 

78-3 

77A 

77*5 

77-i 

77*5 

76-6 

77*2 

77*o 

75*9 

75*6 

Apr. 

77-2 

77-1 

78-2 

78-1 

787 

78-6 

77*o 

75*i 

74*7 

74*i 

736 

72-9 

May 

76-8 

77-2 

76-8 

77*3 

77-6 

77-1 

761 

74*9 

75*1 

74*9 

74*8 

746 

June 

79-2 

79-0 

79-6 

79*i 

79-1 

79*8 

787 

76*8 

76-3 

765 

76-5 

77*3 

July 

78-0 

78-5 

79-1 

78-8 

79*i 

79-1 

77*5 

74-6 

74*4 

75*9 

77*o 

78-0 

Aug. 

74*7 

75A 

757 

757 

75*7 

75*4 

73*5 

7i*9 

721 

73*3 

73*3 

73*9 

Sept. 

71-8 

714 

723 

72-9 

72-5 

72-1 

70-3 

68-6 

68-o 

68-8 

68-6 

687 

Oct. 

68-8 

69-6 

70- 1 

70-4 

70-6 

70-5 

69-9 

68-5 

66-i 

64*9 

66-4 

66-9 

Nov. 

65-8 

67-1 

66-4 

66-8 

67-3 

67*5 

68-i 

67-2 

66-i 

64-8 

63*3 

63*7 

Dec. 

62-9 

63-4 

63-8 

64-4 

65-0 

65*5 

65*9 

660 

65*3 

63*5 

615 

59*4 

1888. 

Jan. 

59'3 

59-i 

6o-6 

61-9 

62-2 

63-1 

63-6 

63*7 

627 

6o.*o 

55*7 

56-0 

Feb. 

63-8 

64-4 

65-5 

65-9 

66-4 

66-4 

65-8 

65-6 

65*3 

64-6 

640 

63*8 

Mar. 

66-6 

66-9 

67-5 

68-3 

67-9 

67*5 

67*2 

64-9 

640 

63-2 

623 

6r8 

Apr. 

67-6 

68-5 

68*8 

68-6 

69*0 

69-3 

68-3 

66-5 

65*5 

63-9 

63-6 

63*4 

May 

68-1 

687 

687 

68-4 

687 

68-5 

67*4 

66-2 

667 

669 

669 

66*3 

June 

69-1 

687 

69-2 

69-2 

69*5 

697 

68-2 

67-1 

667 

68-o 

68-4 

69-2 

July 

67-6 

67-6 

68-o 

67-4 

68-o 

68-2 

66-9 

65-1 

64*5 

651 

66-3 

67-0 

Aug. 

649 

657 

65-9 

65*9 

66-o 

65-8 

63-8 

60  7 

60-3 

61-2 

628 

64*5 

Sept. 

62-3 

62-2 

63- 1 

63*4 

638 

630 

60-4 

58-i 

57*6 

59*3 

59*6 

6o*i 

Oct. 

597 

6o-i 

6ri 

612 

61-2 

60-9 

60-4 

58-5 

56-8 

56-5 

56-8 

57*4 

Nov. 

56-1 

57-2 

58-0 

577 

58-2 

587 

587 

59*3 

59*3 

57*3 

55*3 

54*8 

Dec. 

56-3 

576 

58-3 

587 

59* 1 

59*8 

59*9 

60-5 

59*7 

58-2 

55*8 

54-2 

1889. 

Jan. 

56-0 

56*3 

567 

57-o 

57*6 

58-4 

59*o 

59*5 

58-9 

56-5 

53*6 

53*2 

Feb. 

55'5 

55'9 

56-0 

56-6 

56*9 

57*o 

56-8 

57*3 

57*i 

55*6 

54*3 

53*7 

Mar. 

59-8 

60-4 

607 

60*9 

610 

6o-6 

60-5 

600 

59*7 

60-4 

59*7 

59*4 

Apr. 

66-4 

66-4 

66-4 

66-4 

66-6 

66-4 

65*5 

64-1 

638 

63*5 

63-8 

64*3 

May 

66'9 

671 

67-2 

67  *3 

67-2 

67-2 

66- 1 

65-2 

65-8 

66-5 

66-9 

67-4 

June 

7i-5 

717 

71*9 

71-8 

718 

71-6 

71-2 

7i  *3 

71  7 

721 

72-2 

72-0 

July 

731 

73'3 

73*5 

73*4 

73*2 

73*i 

72-3 

7i*5 

71-4 

72-0 

72-5 

729 

Aug. 

72-8 

73'2 

73-2 

73*2 

72-9 

73*o 

71-8 

70-4 

707 

7i*i 

719 

72-3 

Sept. 

716 

717 

72-2 

717 

71-6 

7i*i 

697 

68-o 

67*5 

677. 

68-o 

690 

REPORT  FOR  1891 — PART  II. 


61 


AND  GEODETIC  SURVEY,  LOS  ANGELES,  CAL. 

component  of  the  magnetic  force. 


for  each  month,  1882  to  1889,  200  divisions  + tabular  quantity;  one  division  of  scale  equals  O'OOOIOO  of 
divisions  indicate  increasing  force.] 


i3h 

Hh 

I511 

l6" 

i7h 

i8» 

i9h 

20h 

2Ih 

2 2h 

23h 

Midn’t 

Mean. 

88-8 

88-2 

87-8 

86-2 

84-6 

84-8 

86-5 

87*3 

88.7 

887 

89*4 

89-6 

88-6 

8S-o 

87-5 

86-5 

83-6 

84*9 

84*5 

84*5 

85*9 

86-2 

867 

87-8 

88-9 

87t 

86-3 

86-4 

857 

84-8 

84*9 

86-i 

87*3 

86-8 

87*2 

86-i 

86-i 

87*9 

86-5 

8i-3 

797 

807 

80-9 

8 1 "2 

8i*5 

80-9 

817 

8o-8 

8i-8 

82-2 

83*3 

81-9 

73-2 

73*3 

737 

751 

767 

77*6 

77*2 

76*2 

7 6*9 

77*o 

76*5 

78-2 

76*9 

70-6 

717 

727 

74*2 

75*o 

74*4 

74*5 

73*5 

74*o 

73*9 

74*5 

74*2 

75*1 

68-i 

70-1 

727 

74'3 

74*2 

74*i 

73*9 

74*i 

72*9 

73*5 

73*3 

73*8 

73*5 

716 

71-5 

70-9 

71-0 

717 

72  *3 

71-8 

72-0 

71-8 

71-9 

72-1 

72-6 

73*6 

75'5 

76-0 

75-8 

747 

75*4 

75*i 

75*1 

74*8 

75*5 

75*3 

75*2 

75*7 

76-2 

74-2 

75'4 

75*2 

75-2 

74*i 

73*3 

73*5 

73*o 

73*4 

74*8 

75*i 

75*2 

75*3 

75-2 

75-4 

75*3 

74*o 

727 

72-0 

71-8 

73*o 

74*2 

73*8 

75*8 

76-3 

75*i 

77-5 

77.7 

76-9 

75*9 

74*4 

74*4 

75  *3 

75*7 

76*4 

77*4 

76*9 

78-6 

77*3 

78-6 

78-1 

76-3 

74*3 

73*8 

74*3 

74*9 

75*5 

75*8 

76-4 

76-5 

77*4 

767 

73'i 

7i*3 

7o-5 

69*5 

69-3 

70-8 

71-6 

707 

7i*4 

72-0 

72*8 

74*9 

72-9 

68-4 

677 

67-4 

67-4 

67*5 

67*9 

69*4 

68-3 

70-3 

69-0 

69*4 

70*3 

69*5 

67-3 

67*5 

67-2 

68-4 

68-4 

68-6 

68-2 

68-2 

68-4 

68-3 

68-i 

687 

68-3 

64-0 

64-2 

65-1 

65*1 

65*5 

65*4 

65*5 

65-0 

64*4 

64-6 

64-6 

647 

65*5 

589 

59’4 

611 

62-3 

62-3 

62-8 

6i-8 

61-2 

61-4 

61-9 

61-9 

62-9 

627 

57*2 

58-4 

59*9 

60-5 

59*9 

60-3 

60-5 

6o*2 

59*i 

59*4 

59*6 

59*2 

6o-i 

64-8 

647 

64-0 

63*9 

64-2 

63*8 

63*2 

63*7 

64*3 

63*9 

63*8 

637 

64-6 

62-5 

64-0 

647 

65-2 

65-1 

65*3 

65*1 

647 

647 

64*9 

65*4 

669 

65*3 

657 

66-2 

66-5 

67-3 

66-6 

66-6 

65*3 

65-6 

65-6 

67-2 

66-8 

67-2 

66-6 

677 

67-0 

65-6 

64*2 

636 

64*3 

6 3*7 

64*5 

64-1 

64*9 

66-5 

67*0 

66-4 

68-2 

67-0 

66-3 

65-0 

64-4 

64-2 

65*4 

65*9 

667 

66-8 

67*5 

68-3 

67*4 

67-0 

667 

65-2 

63*5 

61-9 

63*2 

63*8 

651 

65*4 

66-o 

66-i 

671 

660 

657 

65-2 

640 

620 

61-9 

62-5 

62-6 

62-8 

63*0 

63*5 

64-1 

64*5 

63*7 

607 

6i-o 

60-3 

59*8 

59*o 

59*6 

6o*4 

607 

60-9 

6ri 

608 

62-5 

6o-8 

571 

57‘4 

57-4 

57*9 

58*5 

57*8 

58*3 

57*o 

56*7 

57*4 

58-0 

59*o 

58*5 

53-8 

54'4 

56-6 

57*1 

56*9 

56*5 

56*4 

56-0 

55*8 

56*i 

55*6 

55*5 

56*7 

54’4 

560 

57-5 

58*4 

58-2 

58-2 

57*4 

56-0 

55*i 

54*8 

55*6 

56-2 

57*3 

55'3 

57-i 

57*6 

58*i 

57*3 

56*4 

56-2 

55*8 

55*9 

55*6 

55*4 

55*5 

56*6 

53*9 

55-o 

557 

56-6 

56-6 

56*2 

56*0 

55*3 

55*o 

55*o 

55*i 

55*2 

55*8 

59-6 

6o-o 

601 

60-4 

60-5 

60-4 

59*7 

59*5 

59  *7 

59*5 

59*9 

59*6 

601 

65-0 

65*8 

66-2 

65-8 

65*7 

65*3 

64*5 

64*5 

65*0 

65*6 

65-8 

65*7 

65*4 

67-4 

67-4 

67-0 

66-6 

66 -3 

66-6 

66-2 

66-3 

66-6 

66-6 

66-6 

67-1 

667 

71-8 

7i*i 

707 

707 

70-6 

71-0 

7i*3 

7i*5 

71*6 

717 

7**9 

71-8 

7i*5 

73*i 

72-3 

71-6 

7i*5 

7i*4 

72*3 

72-1 

72*4 

72*4 

72-8 

727 

72*9 

72-5 

72-4 

72-4 

72-1 

72-2 

72-2 

72-5 

72*4 

72*5 

72-2 

72*4 

72-5 

72-6 

72-3 

697 

70*2 

70-4 

70-3 

70-6 

70-9 

70*9 

71-0 

7i*5 

717 

71-2 

71-6 

70-4 
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General  examination  of  the  differential  series  for  changes  in  the  hori- 
zontal force. — Looking  over  the  values  of  monthly  means,  they  are 
seen  upon  the  Avliole  to  diminish,  as  might  he  expected  from  our  knowl- 
edge of  the  secular  diminution  of  the  horizontal  component.  Closer 
inspection,  however,  reveals  the  fact  of  several  anomalous  values  at 
the  beginning  and  at  the  end  of  the  series,  while  between  these  limits 
the  descent  is  gradual,  with  an  exhibition  of  six  minor  undulations 
corresponding  to  the  annual  variation. 

The  daily  means  for  October  and  November,  1882,  are  broken  and 
very  irregular.  The  extremes  for  October  originate  in  three  breaks  of 
the  zero  of  the  scale,  for  which  corrections  have  been  applied.  These 
irregularities  I attribute  to  twist  in  the  suspension  fibers  under  the 
influence  of  variations  of  heat  and  moisture,  to  which  they  had  not 
been  subjected  before.  The  apparent  irregularities  in  November  are 
due  to  the  great  magnetic  storm,  already  referred* to  in  Part  II. 

Between  the  middle  of  February,  1889,  and  the  close  of  the  series 
in  September  following  there  is  an  anomalous  rise,  but  coupled  with 
the  fact  of  a very  feeble  and  almost  obliterated  diurnal  variation, 
plainly  showing  that  the  motion  of  the  magnet  was  resisted,  probably 
by  spider  threads.  On  February  13,  1889,  the  observer  noticed  that 
something  was  wrong  and  turned  the  mirror,  which  demanded  a cor- 
rection of  —16  divisions  to  all  subsequent  readings.  Omitting  these 
defective  months,  also  October  and  November,  1882,  our  series  extends 
from  December,  1882,  to  February,  1889,  inclusive,  or  covers  six  years 
and  three-  months.  During  this  period  there  is  but  one  day  (July  3, 
1884)  without  observation,  and  altogether  there  are  but  a few  hourly 
gaps  in  the  hourly  tabulation.  These  gaps  were  filled  up  by  inter- 
polation with  due  regard  to  the  diurnal  variation  (during  the  month) 
and  with  regard  to  any  progressive  change  at  the  time,  as  explained  in 
Part  II. 

Such  interpolated  hourly  coordinates  are  distinguished  by  brackets 
in  the  tabulation. 

Connection  of  the  differential  series  uith  the  absolute  measures . — For 
this  connection  there  are  available  225  determinations  of  H,  with  cor- 
responding scale  readings  (s)  during  the  period  December,  1882,  and 
February,  1889.  The  time  of  reference  (t0)  will  be  the  middle  of  the 
series,  or  January  15, 1886,  for  which  epoch  we  have  the  mean  monthly 
scale  reading  less  200,  or  s0  = 96T  divisions.  Dividing  the  seventy-five 
months  into  six  groups  and  taking  for  each  the  corresponding  values 
of  H from  Part  I and  s from  Part  III,  the  absolute  measures  when 
referred  to  t0  become  as  follows : 
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Results  of  the  differential  measures  of  the  horizontal  intensity  from 
observations  recorded  at  Los- Angeles,  Gal. — Continued. 


Group. 

I. 

11. 

III. 

IV. 

V. 

VI. 

Period. 

Dec., 1882, 
to  Dec., ’83. 

Year  1884. 

Year  1885. 

Year  1886. 

Year  1887. 

Jan.,  1888, 
to  Feb., 1889. 

Mean  of  H (dyne). 

0-27308 

0-27296 

0-27272 

0-27262 

0-27265 

0-27255 

Mean  of  ^ (divisions) 

1 3i 

,120 

100 

86 

72 

61 

s — s0. 

+ 35 

+ 24 

+ 4 

— 10 

— 24 

— 35 

— 0-000109  ( s — so). 

— 0-00382 

— 0-00262 

— 0-00044 

4-  0-00109 

4-  0-00262 

-j-  0-00382 

Same  in  dyne. 

— 0-00104 

— 0-0007 1 

— 0-00012 

-j-  0-00030 

o-ooo 7 1 

4-0-00104 

H at  to. 

0-27204 

0-27225 

0-27260 

0-27292 

0-27336 

0-27359 

Difference  from  mean 

4-  0-00076 

4~  0-00055 

-f-  0*00020 

— 0-00012 

— 0-00056 

— 0-00079 

Hence  the  relation : Hs  ==  0*27280  + 0*0000297  ( s — 296*1),  expressed  in 
dynes. 

The  small  differences  between  the  referred  values,  though  systematic, 
must  be  attributed  to  the  absolute  measures  and  perhaps  some  small 
part  may  be  due  to  other  causes. 

By  means  of  the  above  formula  we  obtain  the  resulting  annual  values 
of  H as  depending  on  the  monthly  mean  scale  readings,  viz: 


Year. 

Sy  Hy 

1883- 5 

1884- 5 

1885- 5 

1886- 5 

1887- 5 

1888- 5 

332-8  0-27389 

322-0  357 

304-1  304 

286-7  252 

272-2  209 

262-8  181 

Annual  change  of  the  horizontal  component  of  the  force. — The  annual 
change  of  H,  which  is  the  effect  of  the  secular  variation  during  one 
year,  may  be  exhibited  in  two  ways ; first  by  means  of  monthly  differ- 
ences, showing  the  greater  or  less  uniformity  in  the  annual  change  (a) 
when  brought  out  for  each  month,  and  secondly  by  deducing  a from 
the  annual  means. 
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The  following  table  contains  for  eacli  month  the  differences  of  scale 
readings  for  the  years  1883  and  1888,  for  the  years  1884  and  1887,  and 
for  the  years  1885  and  1886 ; hence  in  the  aggregate  nine  times  the 
annual  change. 


Month. 

As 

1883 

-’88 

1 ^ 

! ~ 1 

As 

1885 

-’86 

9 a 

a 

Month. 

As 

1883 

-’88 

As 

1884 

-’87 

As 

1885 

-’86 

9 a 

a 

Jan. 

74-1 

46-8 

23-2 

144- 1 

1 6-o 

July. 

70-1 

49-3 

196 

1390 

15-4 

Feb. 

68-2 

48-6 

18-2 

i35-o 

15-0 

Aug. 

74-6 

5i-4 

14-6 

1406 

15-6 

Mar. 

70-4 

46-3 

19-5 

136-2 

I5*i 

Sept. 

68-9 

493 

99 

1281 

14-2 

Apr. 

72-2 

51  1 

21-2 

I44-5 

160 

Oct. 

66-4 

45-9 

13-3 

1256 

140 

May. 

75-8 

56-9 

177 

1504 

16-7 

Nov. 

63-8 

47-8 

17-2 

128-8 

14-3 

June. 

74-0 

536 

157 

H3-3 

15-9 

Dec. 

62-2 

500 

180 

130-2 

14-5 

* 

152 

Annual  decrease  a = 15*2  scale  divisions,  = 0-00166  in  parts  of  H, 
= 0-000452  of  a dyne. 

Operating  with  the  annual  means  we  have: 


Year. 

Sy — 200 • 

1883-5 

132-8 

1884-5 

122-0 

1885-5 

104- 1 

1886-5 

86-Z 

1887-5 

72-2 

1888-5 

62-8 

Mean  i886*o 

96-8 

Scale  division  for  any  year,  sy  = 96*8  -f-  a (t  — 1886*0) ; hence  the  nor- 
mal equation,  0 = + 258*4  -J-  17*50u,  and  a = — 14*8  scale  divisions, 
which  value  is  adopted. 

Expressed  in  parts  of  the  force  we  have  = — 0-00161,  a value  in 
very  good  accord  with  the  deduction  made  by  me  in  1885  for  stations 
San  Diego  aud  Santa  Barbara,  Cal.,  for  which  — 0*0017  and  — 0-0014 
were  found  (see  Appendix  No.  6,  Report  for  1885,  p.  271).  According 
to  the  same  paper  the  horizontal  intensity  was  a maximum  about  1860, 
since  which  time  H has  been  declining.  The  value  of  a in  dynes  is 
0*000440. 

The  absolute  measures  give  a smaller  value,  but  they  are  considered 
too  rough  in  comparison  with  the  differential  measures. 

Annual  variation  of  the  horizontal  force. — This  is  readily  made  out 
by  tabulating  for  each  year  the  monthly  means  of  the  scale  readings 


REPORT  FOR  1891 PART  II. 


65 


Results  of  the  differential  measures  of  the  horizontal  intensity  from 
observations  recorded  at  Los  Angeles , Cal. — Continued. 

and  correcting  the  same  for  annual  decrease  of  force.  This  correction 
in  scale  divisions  is  as  follows : 


January,  — 6.8 
February,  —5-5 
March,  — 4-3 
April,  4 —3*i 
May,  — I ‘8 

June,  — o*6 

Applying  these  corrections  we 
readings: 


July,  4"  °'6 

August,  — j—  1 *8 
September,  -j-  3'1 
October,  -j-  4*3 
November,  + 5‘5 
December,  -f-  6*8 

get  the  corrected  means  of  scale 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct.  : 

Nov.  ' 

Dec. 

Mean 

1883 

127*4 

127*3 

I3I-4 

135-7 

140-4 

140-8 

136-7 

1 40- 1 

132*8 

129-2 

126-0 

126-3 

1884 

113*5 

1167 

118-2 

123-3 

130-2 

130-3 

126-6 

126-1 

121-9 

118-5 

118-8 

II9-5 

1885 

io5-3 

105-0 

105-3 

107-7 

107-4 

107-5 

108-8 

103-5 

99-5 

99-5 

99-6 

99-9 

1886 

821 

86-8 

85-8 

86-5 

89-7 

91-8 

89-2 

88-9 

89-6 

86-2 

82-4 

81-9 

1887 

667 

68-i 

7 1*9 

72-2 

73-3 

76-7 

77*3 

74-7 

72-6 

72-6 

710 

69-5 

1888 

53*3 

59-i 

610 

63-5 

64-6 

66-8 

66-6 

65-5 

63-9 

62-8 

62-2 

64-1 

Mean 

91-4 

93-8 

956 

98-2 

100-9 

102-3 

100-9 

99-8 

96-7 

94-8 

93'3 

93-5 

96-8 

Mean— 96*8 

—5-4 

—3*o 

— 1-2 

+ 1-4 

+4-i 

+5-5 

+4-i 

+3-0 

— 01 

—2-0 

—3-5 

—3‘3 

The  last  line  constitutes  the  annual  variation,  showing  a regular 
annual  periodic  change  with  a maximum  horizontal  force  in  June  and 
a minimum  in  January,  range  10-9  divisions,  or  0*00119  parts  of  the 
force,  or  0*000324  dyne.  This  variation  depends  on  the  sun’s  declina- 
tion. 

Inequality  of  range  in  annual  variation. — It  was  thought  desirable 
to  investigate  whether  our  series  indicates  an  inequality  in  the  range 
of  the  annual  variation,  which  may  be  connected  with  the  sun-spot 
period.  An  exact  evaluation  of  the  annual  variation,  however,  is  a 
matter  of  some  difficulty,  since  we  must  be  certain  that  the  instrument 
has  not  undergone  any  sensible  change  in  its  adjustment  during  the 
year,  and  secondly,  that  the  correction  for  change  of  temperature  was 
satisfactorily  applied.  Even  for  self-recording  instruments,  such  as  the 
Adie  magnetograph,  it  requires  a combination  of  two  or  three  years  to 
bring  out  consistent  results.  Taking  the  first  three  years  and  the  last 
three  years  we  get  the  annual  variation  (A)  in  scale  divisions,  as  fol- 
lows: 


Periods. 

Jan.  Feb.  Mar.  Apr.  May.  June.  July.  Aug.  Sept.  Oct.  Nov.  Dec. 

Range. 

1883-5 

i886-’8 

—4-2  — 3*3  — 1-3  +2*6  +6-4  +6-6  +4-4  +3-6  —1-5  -3-9  —4-8  —4.4 
—6-5  --2-6  — ro  -|-o*2  -f2-o  +4-5  +3-8  +2-5  -J-i‘5  o-o  —2-0  —2*1 

1 1*4 
no 

n.  Ex.  43,  pt.  2 — 5 
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Comparison  of  results  for  annual  variation  in  II  at  several  stations. 

At  Dublin,  Ireland.*  Max.  in  June.  Min.  in  Feb.  Range  in  parts  of  H.  ’0015 
Toronto,  Canada. f July-  Dec.  *0016 

Philadelphia,  Pa.J  July.  Jan.  *00088 

Los  Angeles,  Cal.  June.  Jan.  *00119 

The  annual  variation  A can  be  expressed  by: 

sd 

* A = 4*77  sin  (0+276°-4) 
or 

0*000520  sin  (0-f276o,4),  expressed  in  parts  of  H 

where  the  angle  6 counts  from  January  1 at  the  rate  of  30°  a month; 
the  range  is  accordingly  0*00104  H.  The  annual  variation  becomes 
zero  a few  days  after  the  equinoxes,  and  reaches  its  extreme  values  a 
few  days  after  the  solstices. 

Total  diurnal  variation  of  the  horizontal  force. — This  variation  has 
been  called  total,  in  order  to  distinguish  it  from  the  solar-diurnal  vari- 
ation, in  which  latter  all  (large)  disturbances  are  excluded ; in  the 
present  case  no  scale  readings  whatever  were  omitted  from  the  tabula- 
tion. The  following  table  contains  for  any  one  ?nonth  the  differences 
of  the  monthly  mean  of  24  hours  from  the  monthly  mean  for  every 
single  hour,  i.  e .,  the  diurnal  variation  for  every  month  expressed  in 
scale  divisions. 

* Lloyd’s  Treatise  on  Magnetism,  p.  166.  t Walker’s  Prize  Essay  for  1865,  p.266. 

t Coast  Survey  Report  for  1862,  p.  201. 
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DIFFERENTIAL  OBSERVATIONS  OF  THE  HORIZONTAL 

Differences  of  monthly  means  (in  scale  divisions) 

[1  scale  division  = 0.000109  H.  A + sign  indicates  greater, 


Month.  Year. 


ih  2h 


6h  7h  8h  9h  ioh  nh  Noon 


Jan. 


1883 

1884 

1885 

1886 

1887 

1888 

1889 


+°*9  -j-o*8  + 1*6  +2-2  -f-2-4  -f-3*1  ~f~3’4  +2-4  + 1*2  — 27  — 6-6  — 5*8 
+07  +2-1  +2-5  +2-2  +3*2  +3-5  +37  +2-8  —0-2  —5-2  —9*5  —87 
-o-i  +07  +17  +2-0  +3*0  +3-3  +37  +4*1  +2-4  — 11  —4-2  —4-9 

+ 1-4  +i'0  +r  1 +2-0  +2-8  +2-9  +3-5  +3-4  +3-1  — o-6  —6-3  —7-3 

— o-8  — ro  +o*5  +i*8  — |— 2*  1 +3*0  +3-5  +3*6  +2‘6  — o-i  — 4*4  — 4-1 

—o-6  —0-3  +o-i  -j-O'4  +i*o  +i-8  +2*4  +2-9  +2-3  — 01  —3-0  —3-4 


Mean. 


+o-2  +0-5  -f-I'O 


—i-3  —5-2  —5-5 


Feb. 


1883 

1884 

1885 

1886 

1887 

1888 

1889 


*2  +2-8  +3*4  +4'1  +4*6  +3*5  +2’5  — °’9  — 1-8  — 2-1 
+°7  +1*1  +2*o  +2*6  +2-9  +3*4  +4*5  +5*5  +S'°  +2-6  — 1-5  — 5-0 

— o-8  -f-O'2  +1'1  +I*4  -fi’8  +2‘5  +3*2  +4-2  -f4-i  +2-9  +1-3  —2-o 

o-o  -j-o-4  -j-i’4  +2*1  +2-6  -j-2’8  4-3'8  4-5"°  4-4*4  +2*4  — ri  —2-2 

— o-8  — 0*2  4-°‘9  +1'3  +i*8  4~1‘8  4-1*2  -fi-o  4-0*7  °*°  — o-6  — o-8 

— 0-3  -f-o-i  4“0‘2  -f-o-8  4-i*i  4-1*2  4-i-o  4-1*5  +i*3  — °‘2  — 1*5  — 2-1 


Mean. 


+o-i 


'2  +2-5  +0-9  —0-9  —2-4 


Mar.  1883 

1884 

1885 

1886 

1887 

1888 


+ r6  +3 
+ 1-4  +1 
+2*8  +3 
— o-i  -j-i 
+ i*3  +i*6  +2 


—o-4  —07  —1-7  —2-5 
1 +3*i  +3*6  +3*i  +3*4  +2*5  —0*2  —3-2  —3-6  -3-8  —3-9 

3 +1*  9 +3*o  +2-9  +27  +2-9  +0-9  —0*3  —0-7  —2-7  —4-5 

o 4-2-1  4-P2  4-1*3  4-0*9  +I*3  4-0*4  +i*o  +o-8  —0-3  — o-6 

*2  +3*o  4-2*6  4-22  +1-9  -fo-4  —1-3  —2-i  —3-0  —3-5 


Mean . 


— | — 2*8  -j-2"4  +2*1  — j— 0*4  — 0*8  — 1*4  — 2*5  — 3*^ 


Apr. 


1883 

1 884 

1885 

1886 

1887 

1888 

Mean . 


-0-2  — 24  — 3-6  — 36  — 3-0 

+ 1 7 4^*7  \ 4I3  6 \2  8 +3*5  +°7  ~°l  ~*1  5 ~ 1 7 ~3  8 ~3  3 

-fo-4  +2-i  +2-o  +2-2  +2*7  +3*4  +i*5  —o-4  —ri  —i*5  — j’3  — i*2 

4-1*0  -j-1’9  -j-2*2  4-2*0  -j-2‘4  4-2*7  -j-1*^  — O*1  — 1,1  — 2-7  — 3-0  — 3-2 


*0+1-5  —0*4 


■5  —2-2  — : 


-2-4 
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FORCE,  DECEMBER,  1882,  TO  FEBRUARY,  1889,  INCLUSIVE. 

of  each  hour  from  mean  of  month. 


a — sign  less  force  than  the  mean  for  the  month.] 


I3h 

I4h 

i5h 

i6h 

i7h 

i8h 

I9h 

20h 

2Ih 

22h 

23h 

Mdn’t. 

—4*2 

—09 

-fo*4 

+o*8 

+0*4 

+0*8 

+o*9 

-f  0*2 

—0*4 

—04 

4o*5 

-|-0*2 

—5'9 

— 26 

+o-5 

+ i*8 

+ i*4 

+ i*5 

+ i*6 

+ 1*4 

+o*7 

4-o*6 

+0*7 

4-1*3 

-3-8 

—23 

— 1*2 

— 10 

— 11 

— 0*2 

—o*3 

-0*4 

4-0*1 

— 01 

+0*1 

—°*3 

—4-9 

—3-6 

—i-8 

—o*5 

—o*3 

—o*5 

—o*7 

— i*3 

— 1*2 

—09 

— o*8 

4-0*2 

—5'4 

—34 

—o*8 

+o*8 

+07 

4-o*6 

+0*4 

4-0*6 

— o*6 

0*0 

—0*2 

+o*3 

—29 

— 0*2 

+o*4 

— 0*2 

-j-O‘2 

+o*4 

+0*1 

— ro 

-0*7 

—o*5 

—o*9 

—i-3 

+o-5 

+ 1*0 

+ i-5 

-f-o*7 

— 0*2 

—o*4 

—o*8 

—o*7 

— 1*0 

— 1*2 

—i*i 

—4*i 

—2-0 

-0*3 

+o*5 

-f-O‘2 

+0*3 

+°-3 

0*0 

—o*4 

—o*4 

— 0*2 

0*0 

-3*4 

— 26 

-i*6 

—2*6 

—2*5 

— i*9 

—2*3 

— 2*0 

—i*6 

— 14 

+0*4 

*4-0*1 

— 5'4 

—5*i 

-3-8 

— 2*2 

—i*7 

— °*5 

—o*4 

—o*9 

—i*9 

— i*6 

— 1*1 

— 0*2 

—2  *3 

— 2-0 

— 1*2 

—i’3 

—o*7 

— o*8 

0*0 

—o*9 

—°-3 

—05 

—0*1 

4-0*2 

—2-4 

—2-8 

- 2*6 

1*8 

— 1*0 

— 0*4 

— I*S 

— 17 

— i*i 

—14 

— 1*4 

— i*3 

— 20 

— 21 

—2*7 

— 2*6 

—i*9 

—i*3 

— 1*8 

— i*6 

—i*8 

—17 

—i*5 

— ro 

-fO*2 

+0*1 

— o*6 

—o*7 

—o*4 

—o*8 

— 14 

—o*9 

—o*3 

—o*7 

-o*8 

—o*9 

— 19 

— o-8 

— 0*1 

+o*8 

+0*8 

+o*4 

4~0*2 

—05 

—o*8 

-o*8 

-07 

—o*6 

— 2'5 

— 2-2 

—i*8 

—i-5 

— 11 

-o*8 

— 1*0 

— 1*2 

—i*i 

—1*2 

—o*7 

-0*5 

—27 

— 1*2 

—o*3 

+o*7 

+0*1 

—i*5 

— 1*2 

— 2*0 

—l*i 

—o*4 

—0*2 

4-1*2 

—31 

— 1*0 

+ 0*1 

—0*1 

— o*6 

—17 

- 1*3 

-0-5 

— o*6 

+o*7 

4-0*4 

+ 1*2 

—4-5 

—3’2 

—o*9 

fo-i 

— 0*2 

— 0*1 

— 0*1 

4-0*2 

— 0*1 

0*0 

— 0*1 

4-i*o 

—37 

— 2*0 

—o*4 

— 21 

—II 

— 2*0 

—o*7 

—o*5 

— 11 

—o*5 

—o*4 

-(-0*2 

—07 

—0*2 

—o*4 

—1*5 

—o*8 

— 1*1 

— i*i 

—14 

—o*7 

—o*9 

— ro 

—0*5 

—2-8 

—i'3 

— o*6 

—0*1 

— 0*2 

0*0 

—0*2 

— o*6 

— o*6 

—o*4 

4-o*i 

4-1*6 

—2-9 

-i-5 

—0*4 

—o-5 

-o-5 

— II 

—o*8 

-^o*8 

—o*7 

— 0*2 

— 0*2 

4-0*8 

— 2*6 

—31 

—1*4 

— o*6 

—i*4 

—i*6 

— 1*2 

4-0*2 

4-i*o 

4-10 

-fi*6 

+ 17 

— 21 

— 10 

—0*1 

—0*5 

—i*9 

— 2*0 

— 1*4 

— 1*0 

H-o*5 

4-0*7 

-)-°*3 

+ 1*2 

-j-O'2 

-j-O'2 

+o*7 

+ i*i 

+ i*3 

+0*4 

—0*3 

— 1*2 

—14 

— 1*3 

— 1*0 

—o-5 

— II 

—0*5 

+0*1 

—o*8 

— o*8 

—2*4 

—i*3 

4-oi 

— 2*1 

—o*4 

— 0*1 

— 0*1 

— II 

+0*1 

— 01 

—or 

— 1*2 

— 2*0 

—i*8 

—2*3 

— 1*9 

—o*5 

— 0*2 

— 0*1 

—09 

—0*4 

— 0*1 

+07 

0*0 

0*0 

—i*3 

— 1*0 

— ro 

-j-o*6 

4-0*2 

4-o*6 

—i-3 

—o*8 

— 0*2 

0-0 

—o*7 

—i*3 

— 1*2 

—o*9 

—o*8 

0*0 

4-01 

4-o*5 
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DIFFERENTIAL  OBSERVATIONS  OF  THE  HORIZONTAL 

Differences  of  monthly  means  {in  scale  divisions) 

[1  scale  division  = 0 000109  H.  A -f  sign  indicates  greater 


Month.  Year. 


May. 


1883 

1884 

1885 

1886 

1887 

1888 


Mean. 


6^ 


7b 


8b 


10b  nh  Noon. 


4*i'3  +i*i  -f1'1  41*0  4I*7  4-2-0  4-1'0  —i*7  — 1*8  —o*6  —o*3  4°*9 

-j-i*i  +1*2  4-0*6  40-5  4-1*2  -fi-2  — 0*1  — 1*4  —0-4  41-0  40-7  40-5 

40- 9  42-4  42-5  42-2  42-7  42-3  41*3  40-9  40.9  411  40-9  40-9 

419  42-9  42-7  42-6  43-2  42-9  41-4  —1*5  —2-3  —1*2  —o-6  40-5 

4i’7  42-1  -j-r7  42-2  42-5  42'°  -|-i*o  — 0-2  o-o  — 0-2  — 0-3  —0-5 

41- 7  42‘3  42*3  42*o  4.2*3  42*i  4i*o  —o-2  40-3  40-5  40-5  —o-i 


41-4  42-0  4!*8  41*8  42'3  42*1  4°*9  — °*7  — o*6  40'1  4°'2  4°*4 


June.  1883 

1884 

1885 

1886 

1887 

1888 


4i*8  42*9  4i*4  4i*9  4**9  4i*7  — ' o*3  —2*3  —2-4  o-o  418  42-3 

— o-i  41*0  4°*6  4 1*2  4 1 *4  42*0  40-7  o*o  4°*i  41*2  4°'9  41*8 

40-3  4 i*o  4ro  41*1  41-4  42*5  40-9  —0*7  —07  40*1  41-5  42-5 

40-6  41-4  4*1*5  +1*2  +2-1  42-0  41-3  o*o  41-0  42-0  43-2  43-3 

-j-i*9  4I7  +2*3  4i*8  4i*8  42-5  41*4  — 0*5  —i*o  —o-8  —o-8  o-o 

4*7  -fi*3  +i*8  41*8  42*i  42*3  4o-8  —0-3  —0-7  40-6  41*0  41-8 


Mean. 


41-0 


•2  40-8  — o-6  — o-6  4°'5  4 *‘3  42*o 


JuJy- 


1883 

1884 

1885 

1886 

1887 

1888 


42*4  42*I  41.7  42*1  42*5  43*0  4i*6  40'1  4I*3  -°-5  +o*3  40-7 

40- 4  41*3  41*2  4r6  42-2  42-2  40-6  — 1*9  — 1*5  0*0  41‘5  42*5 

42-2  41-8  42*0  42-3  42-5  43-1  41-1  —2-4  —2-9  —1-4  40-5  41-9 

42-1  42*3  41‘8  4i*8  4j‘9  42*7  4 i*o  — 1*2  — i-i  — 0-9  40-1  4I-° 

41- 3  4 1 ’8  42*4  4-2*1  42*4  42*4  4o*8  —2-1  —2-3  —o*8  40-3  41-3 

-fi*6  41*6  42-0  -j- 1 *4  4-2*0  4-2*2  4-0*9  —0*9  — 1*5  —0-9  -j-°*3  -f-i*o 


Mean. 


•2  42*6  4ro  — 1*4  — 1*8  — o-8  4°*5  4**4 


Aug.  1883 

1884 

1885 

1886 

1887 

1888 

Mean. 


41*5  42*3  42-2  42.2  42-0  42-4  —o*i  —3*7  —3*6  —2*3  —i*9  —15 

4-2-6  4-1*9  42*5  42*7  42-5  42-1  — 0-5  — 3-1  — 2-3  — 2-2  — 2-2  — 1-3 

-|-2"0  42*5  41-6  42-4  42-8  42-7  40-5  — 2-7  — 2-8  — 1*4  — 0-5  — (-0*9 

42-9  43-1  42-8  42-5  43-2  42-6  40-4  —30  —3-5  —2*3  —0-9  40-4 

4i*8  42-5  4-2*8  -j-2*8  4-2*8  4-2*5  -f°*6  — i*o  — o-8  4°*4  4°*4  41*0 

4 1*2  4l*8  42*2  4*2*2  4-2*3  4 2*1  -fo*1  — 3*0  — 3*4  — 2'5  — 0*9  -j-o-8 


-2-8  —2-7 


•7  — 10 
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FORCE,  DECEMBER,  1882,  TO  FEBRUARY,  1889,  INCLUSIVE. 

of  each  hour  from  mean  of  month — Continued. 


a — sign  less  force  than  the  mean  for  the  month.] 


I3h 

1411 

I5h 

1 6* 

i7h 

i8h 

I9h 

20h 

2I*i 

22h 

23H 

Midn’t. 

+ 1.0 

4-1- 1 

4-0*3 

—o-8 

— i-9 

—2-6 

-i*9 

-i*5 

—i*3 

— 0*2 

-0*1 

‘ 4-i*7 

+ 1-0 

4"I*3 

—0*5 

—i*5 

—2-7 

-2*5 

—1-9 

— 1-2 

—0-3 

— 0-2 

+o*7 

4-1-2 

+o-3 

— 0*2 

— ro 

—2-2 

—3*5 

— 2-6 

—2*3 

-2*5 

— 2'fr 

— 1-6 

— 2*2 

— 01 

-j-o-6 

4°*5 

4-0.2 

— 1*9 

—3*i 

—3*5 

—3*2 

—2*5 

— II 

— 1-2 

4-0-8 

4-1-6 

+o-i 

4o-3 

-j-O-2 

— II 

—2-4 

—3*i 

—3*3 

— 2-1 

—09 

—1*3 

4-o*7 

4-1-2 

+ i-i 

-j-o-6 

—0.8 

— 2-2 

—2-8 

— 21 

—2-7 

—1*9 

—2-3 

—i*5 

4-o-i 

4-0.6 

4-07 

-f  o-6 

_o-3 

—i-6 

—2-7 

—27 

— 2-6 

— 2*0 

—i*3 

— ro 

0-0 

4-1-0 

+ 1-2 

4-i*i 

-f-o-i 

—3*2 

—4*2 

—3*i 

—3*3 

— 1-2 

—0-9 

-j-o-8 

4-1-0 

4-i-o 

+ 1-9 

4-1-4 

— O-I 

—i-8 

-3*o 

—3*° 

— i*9 

—i*7 

— i-i 

— o-6 

—o*3 

4-o-i 

+2-5 

4-1-6 

4-0-8 

—1-4 

—3*2 

—3*6 

—3*o 

— 2-0 

—i-8 

—0-9 

-j-O'2 

-j-O-2 

+3’1 

4-1*3 

— 2-1 

—4*5 

—4*4 

-4*8 

—3*2 

—2*4 

— 2-0 

—i-6 

o’ 5 

4-i*i 

4-0-2 

+o-4 

—o-4 

—i*4 

—2-9 

—2*9 

— 2-0 

— 1-6 

—0-9 

+o-i 

0"4 

+ 1*3 

4-o-8 

—0-4 

—i-i 

—24 

—3*o 

—3*2 

—2*0 

,-i*5 

—o-7 

— o-6 

+0-1 

+o*9 

4-1-6 

4-0-9 

—o*5 

—2-4 

—3*4 

— 3*4 

— 2*6 

—17 

-1*2 

—o*5 

0-0 

4-o-8 

4-0-8 

4-0-5 

—1-9 

—i*9 

—3*i 

— 2-6 

—2-3 

— 2*2 

-i*5 

— o-6 

4-0-2 

-j-o-2 

+ i-5 

+0-5 

—05 

—2-4 

-3*8 

— 3’1 

' — 1*9 

—**3 

— ro 

—0-9 

4-0-8 

4-i-o 

4-2-6 

+2-4 

—0-3 

—2-3 

— 3*1 

—3*4 

—21 

— 2-0 

— 2*2 

—o-8 

0-0 

+ i*3 

-j-O-2 

—o-4 

—o-8 

—2-4 

— 4*o 

-3*8 

—21 

—1*3 

4-o*i 

+o-i 

4-o-8 

+ 1*0 

+ 1-9 

4-1-4 

—o-4 

—2*4 

— 2*9 

—2*4 

—i-8 

— 1*2 

—0-9 

—o*3 

— 0-2 

4-0*7 

4-i'o 

+o*7 

—o-8 

—2*5 

-4*1 

—2-8 

— 2*2 

—09 

— 0.6 

0-0 

4-0*1 

4-i’i 

4-i-3 

4-0-8 

—o-8 

-2-3 

—3*5 

—3*o 

—21 

-i*5 

— 1*0 

—0-4 

40*3 

4o*9 

— 1-2 

-o*5 

—0-3 

0*  I 

—1-4 

—o-7 

— o-6 

4-0*4 

4-0*9 

-fo*7 

4-1*5 

4-1-8 

— i-o 

—i‘4 

—i*4 

—1-8 

—17 

-J-0'2 

4-0*4 

-f-o-6 

+o*9 

H-i*i 

4-11 

-f-I-2 

4-0*9 

4-i*i 

4-0*3 

— 1*8 

—3*0 

2*7 

—2*3 

— i-i 

— o*9 

— 1*2 

-fo-8 

4-1-6 

4-0*9 

4-0-4 

—o*6 

-i*5 

—2*2 

— 2*6 

—2-6 

—1-2 

— °*9 

—o*4 

4-0-7 

4-1-8 

4-0-2 

— 1-6 

—24 

—3*4 

-3*6 

— 2- 1 

—1*3 

—2*2 

—1*5 

—0-9 

— o-i 

4-2-0 

4-I*8 

4-i*5 

4-0*3 

-i*7 

—1-8 

— 1-2 

— i‘i 

— 0*9 

—07 

— 0*2 

4-o*4 

-fo-8 

+o-3 

— o-i 

—07 

—17 

—2*3 

-i*5 

— 1*2 

—o*7 

—o*4 

—0*  I 

4-0*7 

+ i*5 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  OBSERVATIONS  OF  THE  HORIZONTAL 

Differences  of  monthly  means  (in  scale  divisioyis) 

[1  scale  division  = 0*000109  H.  A -f-  sign  indicates  greater, 


Month.  Year. 


Ih  2h 


6h  71 


8h 


ioh  nb  Noon. 


Sept. 


1883 

1884 

1885 

1886 

1887 

1888 


+ 1*8  +2-0  +2-0  +3-1  +2*5  +3*4  +0*4  —2*9  —3*9  —3*6  —3-5  —2*5 

+ 1*9  -f  i-6  +3*o  4-3*2  +2-3  — 0*3  — 3-2  — 4-0  — 3-7  — 2-4  — 1.2 

4-2*2  4-2*8  +2*6  4-3*2  4*3*5  4*4-1  4-!*8  — 0*9  —2*8  — 3*1  — 2*9  — 3*5 
+ 1*3  +2*1  4-2*8  4-3*1  +3*5  4-2*9  0*0  —2*5  —4*2  —3*4  —1*8  —01 

+2*3  -f  1*9  +2*8  4-3*4  +3*°  4~2*6  4-°*8  — 0*9  — 1*5  — 0*7  — 0*9  — o*8 

+ i*5  4*I*4  +2-3  +2*6  4-3*o  4-2*2  —o*4  —2*7  —3*2  —1*5  —1*2  —0.7 


Mean. 


4-i*8  4-2*0  4-2*5  4-3*1  4-3*1  4-2*9  4-0*4  —2*2  —3*3  —2*7 


-i*5 


Oct. 


1883 

1884 

1885 

1886 

1887 

1888 


+2*0  4-2*5  4-3*4  -1-3*6  4-3*4  4-2*7  4-0*5  —3*6  —4*8  —5*0  —4*8  —4*1 

4-1*2  4-2*0  +2*4  4-3*0  -|-3*  1 +2*7  4-i*8  —o*8  —2*3  —2*7  —2*1  — 1-6 

+o*3  +i*3  +i*8  +2*3  +2*6  +27  +i*9  —1*2  —3*4  —3*4  —2*5  —1*5 

4-1*8  4-2*5  4-2*1  +3*2  4-3*2  4-3*2  4-2*0  — 2*2  — 3*8  — 2*4  — 1*0  — 1*1 

+0*5  4-1*3  +1*8  +2*1  +2*3  +2*2  4-1*6  4-0*2  —2*2  —3*4  —1*9  —1*4 

-|-i*2  -|-i*6  -|-2*6  4*2'7  4-2*7  -j-2*4  -M*9  °'°  — 1'7  — 2-0  — v7  — i*1 


Mean. 


4-1*2 


—1*3  — 3°  —3*2  —2*3  — 1*8 


Nov. 


1883 

1884 

1885 

1886 

1887 

1888 


+°*5  4-1*2 
4-0*9  4-i*7 
4-0*7  4-1*7 
41*3  4-1*2 
4-0*3  4-1*6 

—o*6  4-°*5 


+ i*8  4-3*5  +3*7  4-3*i 
+2*7  +3*3  +2*8  4-4*i 
4-2*0  4-2*8  4-3*1  4-3*1 
4-2*0  +2*3  -42*8  +3*] 
4-o*9  4-1*3  4-i*8 


4-2*8  4-0*6  —1*7  —3*8 
4-3*8  -f3*o  4-0*9  —15 
4-3*2  4-2*2  4-0*3  — 2*0 
4-2*9  4-2*2  4-0*2  — 1*4 

-0*7 


4*2  — 2*6 
-4*2  —4*8 
■3*o  —3*2 
i*9  —3*2 
-2*2  — 1*8 

4-1*3  -)-i*o  -J-i*5  -j-2*o  4-2*0  -|-2*6  4-2*6  -fo-6  — 1*4  — 1*9 


Mean. 


-f-o*5  4_i*3  4_i*8  4-2*4  ( 2*6  4-2*9  4—2*9  4-2*0  4-°'5  — *’5  — 2*8 


-2*Q 


Dec. 


1882 

1883 

1884 

1885 

1886 

1887 

1888 


-0*1  -fo-2  4-1*2  4- 1*3  4-1*9  4-2*4  4-3*6  4-3*9  4-3*2  -{-0*2  —3*6  —4*8 

-f-o*i  -)-o*7  -|-i*8  -|-2*o  4*3*0  4-3*8  4-4*0  4-2*8  -J-O‘8  — 3*0  — 5*8  — 6*i 

—o*4  4-0*2  4-i*i  4-2*0  4-2*7  4-3*0  4-3*8  4-3*7  4-2*4  —0*5  —4*2  —4*0 

—o*i. 4-0*4  -|-i*4  4-i*8  4-2*2  4-2*6  4-3*2  4-3*7  4-1*9  4-o*i  —2*7  —37 

4-0*6  4-0*7  4-1*0  4-1*4  4-2*5  4-2*5  +3*4  4-4*1  4-4*4  4-2*2  —1*7  —2*8 

4-0*2  4-0*7  4-i*i  4-1*7  4-2*3  4-2*8  4-3*2  4-3*3  4-2*6  4-0*8  —1*2  —3*3 

—i*o  4-0*3  -fro  4-1*4  4-i*8  .4-2*5  4-2*6  4-3*2  4-2*4  4-0*9  —1*5  —3*1 


Mean. 


-0*1 


4-0-5  +1-2  -f  1-7  +2*3  4-2*8  4-3*4  4-3*5  4-2*5  -fo* 


-3*0  —4*o 
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FORCE,  DECEMBER,  1882,  TO  FEBRUARY,  1889,  INCLUSIVE. 

of  each  hour  from  mean  of  month — Continued. 


a — sign  less,  force  than  the  mean  for  the  month.] 


I3h 

14b 

i5h 

i6b 

17b 

1 8^ 

19b 

20b 

2Ih 

22b 

23h 

Midn’t. 

-o-8 

+o-5 

4-17 

+ i*4 

+ 0*1 

-o*5 

4-o*4 

4-0*4 

—0*7 

-i*5 

0*0 

40*2 

—0-3 

+o-3 

-o-5 

— o*6 

—o*7 

—o*4 

—o*9 

— 0*1 

4-0*7 

— 0*1 

40*9 

-j-o-8 

— r2*I 

—0-3 

— 01 

— 1*0 

—o*9 

—o*7 

— o*6 

— 0*# 

— 1*0 

—o*4 

— 0*2 

41*2 

— 0-2 

— 01 

— 1*2 

— 17 

— i*6 

—o*4 

4-o*8 

4-0*3 

4-o*7 

—o*4 

—0*4 

4 1*4 

— II 

—i*8 

— 2*1 

— 2*1 

— 2*0 

— 1*6 

— 0*1 

— 1*2 

-f©*8 

-o*5 

—0*1 

4-0*8 

— 0*1 

4-0*2 

—o-5 

— 1*0 

—i*8 

— 1*2 

—o*4 

— 0*1 

4-o*i 

4-0*3 

0*0 

417 

— o-8 

— 0-2 

—o*4 

—o*8 

— 11 

—o*8 

— 0*1 

—0*2 

4-o*i 

—o*4 

0*0 

+.po 

— i-6 

—0*4 

— o*6 

0*0 

—o*4 

4-°\4 

+ 1*0 

+o*9 

4-1*4 

+ 11 

40*8 

4-1*9 

—0-9 

— 0*2 

+o-3 

4-0*2 

—o*4 

—o*4 

— i*4 

—i*9 

— 1*6 

—o*9 

—o*7 

40*2 

—07 

4-0*1 

+o*3 

4-01 

4-0*4 

4-0*4 

—o*8 

—o*3 

—o*5 

— 1*0 

— 0*1 

4o*4 

— o-6 

— 2*2 

—2*1 

— 1*0 

—o*7 

—o*4 

— 1*0 

—0*2 

— ri 

— 0*1 

4-o*3 

4-1*4 

— 1*0 

-0*8 

— II 

4-0*1 

4-o*i 

4-0*3 

—0*1 

—0*1 

+0*1 

0*0 

— 0*2 

4-o*4 

—i-4 

— 1. 1 

— 1*1 

—o*6 

00 

—o*7 

— 0*2 

—i*5 

—i*8 

— I*I 

—0*5 

+o*5 

— I'O 

—o*8 

—o*7 

—0*2 

— 0*2 

— 0*1 

— 0*4 

—o*5 

— o*6 

—o*3 

— 0*1 

40*8 

— 1*2 

—o*4 

— 0*1 

—o*8 

—0*3 

4-0*3 

—o*7 

—o*8 

—o*8 

—o*3 

+°*3 

—o*4 
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— 2*7 

—i*6 

— o*6 
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4-0*3 

—o*3 

— 0*2 

—o*8 

— ri 

— 1*0 

—o*4 

—35 

—2*4 

—o*9 

— 0*1 

+0*4 

4-o*i 

— 0*1 

-o*5 

—o*9 

—i*3 

—o*7 

— °*5 

—37 

—3*6 

—3*4 

—i*8 

—0*2 

+o*7 

+o*3 

—o*7 

0*0 

4-o*i 

—o*4 

4-i*3 

— **5 

— !*3 

—o*4 

—o*4 

0*0 

— 0*1 

0*0 

—o*S 

— 1*1 

—o*9 

—o*9 

—o*8 

-2-9 

—2*3 

— 0*1 

4-0*4 

4-0*2 

— 0*2 

—o*3 

—0*7 

—o*9 

— o*6 

— pi 

— 1*2 

— 2-8 

— 2*1 

— ii 

—o*6 

— O'i 

4-0  2 

— 0*2 

— o*6 

—o*8 

- 0*7 

— o*6 

—o*3 

—4*5 

—2*2 

—o*7 

—0*1 

4-o*8 

-fO*2 

— 0*2 

—i*7 

— 11 

_o*3 

-o*5 

-fo‘4 

— 3‘9 
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+o-5 
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0*0 

-o*5 
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—3*4 
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—i*5 
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—2*3 

—0*7 

—o*3 

+0*1 
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—o*5 

—o*8 

— o*6 

—o*5 

—i*3 

-0*9 
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-3‘4 

—2*4 

-o*9 

—0*1 

—o*7 

— o*6 

— 1*6 

— i*i 

— 1*2 

— o*6 

—o*9 

-3-8 

—3*3 

— 1*6 

—o*4 

—o*4 

4-o*i 

—o*9 

—i*5 

— i*3 

—o*8 

—o*8 

40*2 

-2-9 

—1-3 

4-0*2 

4-i*i 
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4-0*9 

4-o*i 

—i*3 

— 2.2 

—2*5 
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— 1. 1 

—37 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


Recapitulation  of  results  for  total  solar  diurnal  variation  of  the  horizontal 
force  at  Los  Angeles , between  December , February , m- 

clusive , expressed  in  scale  divisions . 


[A  + sign  indicates  greater,  a — sign  less  force  than  the  mean  of  the  day.  One  division  equals 

0-000109  H.] 


i882-’89. 

ih 

2h 

3b 

4h 

5h 

6h 

7h 

8h 

9h 

IOb 

nh 

1 

Noon. 

Jan. 

-j-o-2 

+0-5 

+ 10 

+ 1-7 

4-2-4 

+3-o 

+3*4 

4-3*4 

+2*3 

-i*3 

—5*2 

—5*5 

Feb. 

+o-i 

-j-o-6 

+ 1-4 

+ i-9 

4-2*3 

4-2-6 

+2-9- 

4-3*2 

4-2*5 

-fo*9 

—o-7 

—2-4 

Mar. 

+ i-3 

-j-2-O 

+24 

+3-o 

4-2*8 

4-2*4 

4-2-1 

4-0*4 

—o-8 

— 1-4 

—2*5 

— 3*1 

April. 

+ i-4 

+ i-8 

4-2-4 

4-2-4 

4-2-8 

4-3*o 

4-i*5 

—0-4 

—i*5 

— 2-2 

—24 

— 2;4 

May. 

+ i'4 

-f-2-O 

+ 1*8 

4-1-8 

4-2*3 

4-2-1 

+0-9 

—07 

—o-6 

4-o*i 

-fO-2 

4-0*4 

June. 

+ i-o 

+ i-6 

+ 1-4 

4-i*5 

4-i*8 

-f-2-2 

4-o-8 

— 06 

— o-6 

+o*5 

4-J*3 

-j-2'O 

July. 

+ 17 

+ i-8 

+ 1-8 

4-1-9 

4-2-2 

4-2-6 

4-i*o 

— i*4 

—i-8 

—o-8 

4-0*5 

4-1*4 

Aug. 

-j-2-O 

+2*3 

4-2.4 

+2.5 

4-2-6 

4-2-4 

-fO-2 

—2-8 

—2-7 

— 17 

— I-o 

o-o 

Sept. 

+ i-8 

4-2-0 

+ 2-5 

4-3-1 

4-3-1 

4-2*9 

4-0-4 

—2*2 

—3*3 

—2-7 

—21 

—i*5 

Oct. 

+ 1’2 

+ 1-9 

+2-4 

4-2-8 

4-2-9 

4-2-6 

4-1-6 

—1*3 

—3*o 

—3*2 

2*3 

—.1-8 

Nov. 

+o-5 

+ 1'3 

4-1-8 

+ 2-4 

4-2-6 

4-2*9 

4-2*9 

-\-2’0 

+0-5 

-i*5 

— 2*8 

—2-9 

Dec. 

— 01 

+o-5 

4-1-2 

4-17 

+2-3 

4.2-8 

4-3*4 

+3*5 

4-2*5 

4-0-1 

3*0 

—4*o 

1882-89. 

I3h 

i4h 

I5h 

1 6“ 

i7h 

18“ 

I9h 

20b 

2Ih 

22h 

23h 

Midn’t. 

Jan. 

—41 

— 2-0 

—0-3 

4-°*5 

4-0-2 

4-0*3 

4-0*3 

o-o 

—0-4 

—0-4 

- — 0-2 

0 0 

Feb. 

—25 

— 2-2 

—i-8 

—i-5 

— II 

—0-8 

— i-o 

— 1*2 

—I-I 

— 1-2 

—0-7 

—o*5 

Mar. 

-2-9 

— 1‘5 

—0-4 

-0*5 

—o*5 

— I-I 

— o-8 

—0-8 

—0-7 

— 0-2 

—0-2 

-f-o-8 

Apr. 

—i-3 

— o-8 

— 0*2 

— 0-0 

—0-7 

-1*3 

— 1-2 

—09 

—o-8 

o-o 

4-0-1 

4-o*5 

May. 

+0-7 

-fo-6 

—0-3 

—i-6 

—2-7 

— 2-7 

— 2-6 

— 2*0 

—i*3 

— i-o 

00 

+ 1*0 

June. 

+ i-6 

4-0-9 

— °'5 

—2-4 

—3*4 

-3*4 

— 2-6 

— 17 

— 1-2 

—o*5 

o-o 

4-0-8 

July. 

+ i‘3 

4-o-8 

— o-8 

—2*3 

-3*5 

—3*o 

— 2-1 

—i*5 

— i-o 

—0-4 

4-0-3 

4-0*9 

Aug. 

+°'3 

— o-i 

— °7 

— 17 

—2-3 

-i*5 

— 1-2 

—0-7 

—0-4 

— 01 

+0*7 

4-i*5 

Sept. 

— o-8 

— 0*2 

—0-4 

—o-8 

— i-i 

-o-8 

—o-i 

— 0-2 

4-0*  I 

—0-4 

0-0 

4-i-o 

Oct. 

— 10 

-o-8 

—07 

— 0-2 

— 0-2 

— o-i 

—0-4 

—0*5 

—o-6 

—o*3 

— O-I 

-fo-8 

Nov. 

-2*8 

— 2-1 

— i-i 

— o-6 

— o-i 

4-0-2 

—0-2 

— o-6 

—o-8 

—0-7 

— 0-6 

—o*3 

Dec. 

—37 

—2 -3 

— o-8 

4-0-1 

4-0-4 

4-0*3 

—0-3 

— 1-2 

— i-i 

—o-9 

—10 

—0-4 

The  character  of  the  total  diurnal  variation  for  each  month  of  the 
year  is  shown  on  the  accompanying  diagram  (illustration  No.  1),  which 
was  constructed  directly  from  the  preceding  tabular  numbers.* 

In  general,  the  horizontal  force  exhibits  a maximum  value  about  6 
o’clock  a.  m.,  followed  a few  hours  later  by  a minimum,  which,  how- 
ever, during  the  summer  season,  becomes  a subordinate  minimum,  the 
principal  one  occurring  about  5 o’clock  p.  m.  As  a peculiarity  of  the 
station  we  may  note  the  iceak  development  of  the  secondary  afternoon 
maximum,  and  the  extraordinary  low  intensity  in  the  afternoon  mini- 
mum during  the  warmer  part  of  the  year. 

*To  bring;  out  prominently  the  effect,  of  the  temperature  correction  (q  — 2-48  scale 
divisions),  the  dotted  curves  for  January  and  June  were  introduced;  these  are  taken 
directly  from  the  tabulated  hourly  readings  of  the  photographic  traces  without  any 
reduction  for  temperature  changes  of  magnet. 
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Los  Angeles  , Cal.  from  6!tyears  of  observation 

1882  to  1889. 


N'n.  14  16  18  20  22  M't. 
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Results  of  the  differential  measures  of  the  horizontal  intensity  from 
observations  recorded  at  Los  Angeles , Cal. — Continued. 

Another  characteristic  feature  is  the  small  amplitude  of  the  diurnal 
variation  when  compared  with  the  values  observed  at  Philadelphia  and 
Toronto. 

The  semiannual  inequality  in  the  diurnal  variation  is  shown  in  the 
table  below.  It  depends  on  the  preceding  table,  and  the  values  are 
given  in  scale  divisions. 


Diurnal  variation  during  the  summer  half  during  the  winter  half  and 
during  the  ivhole  year , or  for  the  six  months , April  to  September , inclu- 
sive, the  six  months , October  to  March , inclusive , and  for  twelve  months. 


Local 

time. 

Sum- 

mer. 

Win- 

ter. 

Year. 

Local 

time. 

Sum- 

mer. 

Win- 

ter. 

Year. 

s.  d. 

Parts  of  H. 

s.  d. 

Parts  of  H . 

I h 

+ i-6 

+o-5 

+ i'° 

4-  -oooi  I 

I3h 

+0-3 

—2-8 

— i-3 

— -00014 

2 

+ 1-9 

!+i-i 

+ 1*5 

16 

14 

40-2 

— i-8 

—o-8 

— 

09 

3 * 

-|-2'0 

+ 17 

+ i-9 

+ 

21 

i5 

—0-5 

—o-8 

—0-7 

— 

08 

4 

-f-2-2 

-(-2-2 

-f-2-2 

+ 

24 

16 

-i*5 

—04 

—0-9 

— 

10 

5 

+ 2*5 

4 2-6 

+ 2’5 

+ 

27 

17 

—2-3 

— 0-2 

— 1-2 

— 

13 

6 

+2-5 

+27 

4-2-6 

+ 

28 

18 

— 2"  I 

— 0-2 

— 1-2 

— 

13 

7 

+o-8 

+2-7 

4i-8 

+ 

20 

19 

— i *6 

—0-4 

— i-o 

— 

n 

8 

—1-4 

+ i-9 

+o-3 

+ . 

03 

20 

— 1-2 

—o-7 

—09 

— 

10 

9 

— i-8 

+o-7 

-o-5 

— 

05 

21 

— o-8 

—o-8 

-0* 

— 

9 

IO 

— ri 

— i-i 

— ri 

— ■ 

12 

22 

—0-4 

— o-6 

—05 

— 

5 

1 1 

— o-6 

—2-8 

—17 

— 

19 

23 

40-2 

—o-5 

— O-I 

— 

1 

Noon 

o-o 

—3*3 

— 1-6 

— -00017 

Midn’t 

4-1-0 

+o-i 

4-0-5 

4-  .00005 

This  semiannual  inequality  is  shown  on  the  accompanying  diagram 
(illustration  No.  2),  to  which,  for  comparison,  the  corresponding  dia- 
gram for  Philadelphia,  Pa.,  has  been  transferred.  The  construction  of 
these  diagrams  depends  on  the  difference  between  the  annual  mean 
and  the  summer  and  winter  means  for  each  hour  of  the  day,  as  given 
in  the  above  table ; it  therefore  supposes  the  annual  average  variation 
to  be  represented  by  a horizontal  straight  line.  The  scale  divisions 
were  converted  into  parts  of  H. 

The  Philadelphia  curve  is  taken  from  table,  page  193,  Coast  Survey 
Report  for  1862.  There  is  much  similarity  between  these  curves.  The 
Philadelphia  curve  is  apparently  displaced  one  or  two  hours  to  the 
right  (later),  with  a slightly  larger  amplitude  when  compared  with 
Los  Angeles.  The  nodal  points  occur  at  4.30  a.  m.,  at  10  a.  m.,  and 
again  about  15h  and  21h ; at  these  times  the  respective  values  of  the 
horizontal  intensity  will  be  found  the  same,  nearly,  throughout  the 
year,  hence  10  a.  m.  and  3 p.  m.  are  favorable  hours  for  absolute 
measures. 

Principal  features  of  the  total  solar  diurnal  variation. — The  principal 
maximum  of  the  horizontal  force  occurs  at  611  a.  m.  on  the  average 
throughout  the  year,  but  at  5£h  a.  in.  during  the  summer  months  and 
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at  6JU  a.  m.  during  the  winter  months.  Its  amount  is  *00029,  *00028, 
and  *00031  in  parts  of  H,  respectively. 

The  principal  minimum  occurs  at  lljh  a.  m.  on  the  average  through- 
out the  year;  it  shifts  to  9h  a.  m.  in  summer  and  becomes  the  secondary 
minimum,  the  primary  then  occurring  at  17Jh.  In  winter  the  principal 
minimum  occurs  at  noon,  the  secondary  about  21h;  on  the  average 
throughout  the  year  this  last  extreme  is  found  about  17 Jh. 

The  maximum  diurnal  total  range  is  on  the  average  throughout  the 
year  *00049  H,  during  the  summer  half  year  *00055  H,  and  during  the 
winter  half  year  -000GG  H.  The  mean  or  average  intensity  of  the  day  is 
reached  about  8Jh  during  the  year,  about  noon  during  summer,  and 
about  during  winter.  These  features  are  exhibited  in  the  ap- 
pended illustration  (No.  3). 

Comparative  table  of  the  diurnal  variation  at  Los  Angeles , Philadelphia , 
and  Toronto.  [At  the  second  station  the  larger  disturbances  have  been 
excluded ; (p)  stands  for  principal  and  (s)  for  subordinate  extreme.] 


Stations. 

Morning. 

Afternoon. 

Total  diur- 
nal range. 

Max.  Min. 

Max.  Min. 

Los  Angeles,.  1883-1888. 
Philadelphia,*  1840-1845. 
Toronto,!  1843-1848. 

h.  h. 

6*o  11 3 

57  i°'9 

6 (s)  10*5  (p) 

h.  h. 

*'/*  (s)  5 % (s) 

4-0  (s)  undefined. 
4*1  (p)  ... 

•00049  H. 
•00090  H. 
•00155  H- 

* Coast  Survey  Report  for  1862,  pp.  179  and  193. 

tMagnetical  and  Meteorological  Observations,  Toronto,  Can.,-Vol.  ii,  London, 
1853.  Table  xxxm.  The  secondary  minimum  occurs  about  2:30  a.  m. 


Long-period  inequality  in  the  total  solar-diurnal  variation  of  the  hori- 
zontal force. — The  dependence  of  the  diurnal  variation  on  the  11-year 
(about)  or  sun-spot  period  is  shown,  as  in  the  case  of  the  declination,  in 
the  inequality  of  the  daily  range  from  year  to  year. 


Winter - Sun’s  declination 
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Results  of  the  differential  measures  of  the  horizontal  intensity  from 
observations  recorded  at  Los  Angeles , Cal. — Continued. 

The  diurnal  variation,  when  collected  for  each  year  separately,  is 
exhibited  in  the  following  table,  expressed  in  scale  divisions : 


[ld  = -000109H.  A + sign  implies  that  the  force  is  greater  than  the  mean  of  the  day,  and  a — sign 

that  it  is  less.] 


Year. 

ih 

2h 

3h 

4h 

5h 

6b 

7h 

8h 

9h 

IOh 

nh 

Noon. 

1883 

+ I*5 

+ i-8 

-f  2-0 

+2-5 

+27 

+2-9 

+ i'8 

—o-3 

— 1*4 

— 2-2 

—2-6 

— 2-2 

1 884 

-fro 

+ i-6 

-j~  2-0 

+ 2"4 

-j-2'6 

+27 

+i*7 

+0-3 

— o-6 

—i*4 

—2-5 

—2-4 

1885 

+°'9 

+ T4 

+ i-8 

-f  2-2 

4-27 

+ 2-8 

+ i*9 

+o*4 

—0-9 

— i*3 

— r6 

—i-6 

1886 

+ 1-9 

+ i‘9 

+ 2’5 

+ 2-8 

+2-9 

-f  2*0 

+o*5 

— 0-2 

— °*5 

—o*9 

— ri 

1887 

+ i-i 

+ i-5 

-f2-0 

+ 2-1 

+2*4 

+ 2*4 

+ 1*9 

+o-8 

■f  °*3 

—o*3 

—i*3 

—i*5 

1888 

-j-o-6 

+ 11 

+ 17 

-fi-9 

-f  2-2 

+2*3 

+ i*4 

-j-O'2 

— °*4 

—o-8 

—14 

—i*3 

Year. 

I3b 

Hh 

i5h 

i6h 

i7h 

18b 

I9h 

20h 

2Ih 

22h 

23b 

Midn’t. 

1883 

-i-5 

— o-6 

-o*3 

—0-5 

-ri 

— ro 

—o-8 

—0-6 

—o-4 

o-o 

+o*5 

+o*9 

1884 

—i-8 

— ro 

—07 

—07 

—13 

—o*9 

—o-8 

—07 

—o-5 

—03 

0-0 

H-o-5 

1885 

— ri 

— o-6 

—0-4 

—0-9 

— 11 

— ri 

— 1*0 

— ro 

— ro 

—o-8 

-o*4 

+o*3 

1886 

—i‘3 

—i-3 

— 1‘3 

—17 

—i-6 

—17 

—i*3 

—0-9 

—0-9 

— o-6 

— 01 

+07 

1887 

— 1*2 

— 1*0 

— ro 

— 1-2 

—i*4 

—i*3 

— 1-2 

—0-9 

— o-6 

—0-4 

+°*4 

1888 

—o-8 

—o*5 

—o-5 

—07 

— 11 

— 0-9 

— ro 

— 1*0 

— ro 

— o-6 

—0-3 

+o*3 

V 

The  diurnal  range  for  each  year  is  as  follows : 


1883 

5-5  d. 

or  "00060 

1 884 

5*2 

57 

1885 

4*4 

48 

1886 

4*2 

46 

1887 

3*9 

43 

1888 

3*7 

40 

Mean  of  six  years 

4*5 

•00049 

The  maximum  sun-spot  activity  took  place  in  1883,  and  this  corre- 
sponds to  the  year  of  greatest  diurnal  range;  the  minimum  activity 
occurred  late  in  1888  or  early  in  1889,  and  corresponds  to  the  least 
diurnal  range — between  these  extremes  the  change  is  systematic.  For 
the  sake  of  consistency  the  morning  minimum  for  1886  (—1-3)  was 
introduced  in  the  place  of  the  afternoon  minimum.  The  ratio  of  the 
greatest  to  the  least  value  of  the  range  is  as  1*5  to  1. 

The  variation , in  direction  and  intensity , of  the  diurnal  solar  deflecting 
force  acting  in  the  plane  of  the  horizon. — The  component  of  the  horizontal 
deflecting  force  which  acts  in  an  easterly  or  westerly  direction,  and  the 
component  at  right  angles  to  it,  which  acts  in  a northerly  or  southerly 
direction,  may  be  combined  graphically  so  as  to  exhibit  the  total 
deflecting  force,  producing  the  diurnal  variation  of  the  declination, 
both  in  direction  and  magnitude  throughout  the  solar  day. 

To  obtain  the  first  component  let  6 = angle  of  deflection  or  difference 
in  direction  of  the  magnetic  meridian  at  a given  hour  from  the  normal 
(mean  of  day)  direction,  then  Hsintf  will  represent  the  deflecting 
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force  at  that  time,  or  sin  6 will  represent  the  same  when  expressed 
in  terms  of  the  horizontal  force  H.  Since  1'  of  arc  equals  or 
0-000291  of  radius  we  need  only  to  multiply  our  tabular  numbers  of  the 
total  solar-diurnal  variation  expressed  in  minutes  by  this  factor,  as 
given  in  Part  II  of  this  discussion.  The  second  component  for  any 
hour  is  given  in  preceding  pages,  but  it  must  be  expressed  in  parts 
of  H. 

If  in  any  of  the  accompanying  diagrams  we  join  by  a straight  line 
the  point  of  intersection  of  the  horizontal  and  vertical  axes  with  any 
point  or  hour  of  the  curve,  that  line  will  mark  the  direction  of  the 
deflecting  force,  and  its  length  when  measured  by  the  intensity  scale 
of  the  figure  will  give  its  intensity  in  terms  of  H.  The  numerals  on 
the  curves  represent  the  hours  of  Los  Angeles  mean  solar  time  from  0 
to  24,  noon  being  indicated  by  N. 

The  following  table  contains  the  diurnal  variation  of  the  components 
of  the  horizontal  deflecting  force  acting  on  the  north  pole  of  the  magnet 
at  Los  Angeles  separately  for  each  of  the  years  1883  to  1888,  inclusive. 
For  the  east  and  west  component  a + sign  indicates  north  end  de- 
flected towards  the  east,  for  the  north  and  south  component  a -f  sign 
indicates  increasing  force  towards  the  north.  The  tabular  numbers 
are  expressed  in  terms  of  the  horizontal  force  H. 
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Results  of  the  differential  measures  of  the  horizontal  intensity  from 
observations  recorded  at  Los  Angeles , Cal. — Continued. 
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The  most  striking  features  of  this  diagram  (illustration  No.  4)  are  the 
weakness,  approaching  disappearance,  of  the  deflecting  force  about 
midnight  or  between  the  hours  18  and  3,  and  the  gradual  decline  in 
the  deflecting  force  from  the  year  of  greatest  activity  of  the  sun  in 
producing  sun  spots  to  the  year  of  least  activity. 

The  greatest  deflecting  force  exceeds  but  little  the  one-thousandth 
part  of  the  horizontal  force. 

The  following  diagram  (illustration  No.  5)  exhibits  the  annual  in- 
equality in  the  diurnal  variation  of  the  horizontal  deflecting  force.  The 
full  line  curve  refers  to  the  diurnal  action  of  the  force  on  the  average 
throughout  the  year,  or,  more  precisely,  to  the  mean  of  six  years ; the 
broken  curve  refers  to  the  force  acting  during  the  six  months  when 
the  sun  has  north  declination,  or  from  April  to  September,  i.  e ., 
during  the  summer  half  year;  and  the  dotted  curve  refers  to  the  six 
months  when  the  sun  has  south  declination,  or  fnorn  October  to  March, 
i.  e.y  during  the  winter  half  year. 
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Besults  of  the  differential  measures  of  the  horizontal  intensity  from 
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On  tile  preceding  diagram  the  true  meridian  is  indicated  by  a star; 
the  magnetic  meridian  by  a half  arrowhead. 

Separation  and  analysis  of  the  larger  disturbances  of  the  horizontal 
force. — The  treatment  followed  in  the  investigation  of  the  disturbances 
exhibited  in  the  hourly  ordinates  of  the  photographic  traces,  after  they 
had  been  reduced  to  a uniform  temperature  of  the  bifilar  magnet,  was 
the  same  as  that  pursued  for  the  tabulated  hourly  ordinates  of  the  dec- 
lination traces.  The  value  of  the  mean  error,  m,  or  the  average  devia- 
tion of  an  observation  from  its  monthly  mean  for  the  respective  hour, 
was  found  by  means  of  the  extreme  range  of  the  values  as  follows : For 
the  year  1883,  the  ranges  were  taken  for  the  odd  hours  of  the  1st,  3d, 
5tli,  etc.,  month,  and  for  the  even  hours  for  the  2d,  4th,  etc.,  month; 
for  the  year  1888,  the  order  was  reversed.  The  values  so  obtained,  viz, 
m=\  range,  were  found  to  answer  quite  well;  they  are,  for  the  resfiec- 
tive  months — 

d. 

In  1883,  2-6  5-8  4-8  67  4-2  47  6-2  5-1  8-6  4-5  7.2  3-9  Mean  of  12  months  ±5-4 

In  1888,  4-2  2-5  37  3-8  4-8  3-1  27  3-8  3-4  3-4  3*0  2-6  Mean  of  12  months  ±3'4 

Mean  adopted  for  whole  six-year  series,  m = ± 4'4 

which  refers  to  the  middle  of  the  eleven-year  cycle. 

According  to  Dr.  Lloyd’s  rule  1*5  m would  be  the  limit  of  separation, 
but  1-9  m to  2 m was  preferred,  as  in  the  case  of  the  disturbances  in  the 
declination;  lienee  a trial  was  given  making  8 scale  divisions  the  limit, 
that  is,  any  observation  differing  more  than  8 scale  divisions  from  its 
respective  monthly  mean  was  considered  as  belonging  to  the  class  of 
(large)  disturbances;  finally  the  limit  adopted  was  9 divisions.  Mne 
scale  divisions  equal  0-00098  in  parts  of  the  horizontal  force,  or  0-000268 
of  a dyne. 

At  Philadelphia  the  limit  adopted*  was  33  scale  divisions,  or  0-00120 
in  parts  of  H;  it  marked,  as  a disturbance,  1 in  14  observations  on 
the  average. 

At  Toronto  the  limit  adopted!  was  14  scale  divisions,  or  0-00120  H; 
it  separated,  on  the  average,  1,  in  12 £ observations.. 

In  his  discussion  of  the  disturbances  observed  in  1888,  at  Parc  Saint 
Maur,  Mr.  Moureaux  takes  0-00020  H,  an  arbitrary  limit  for  a disturb- 
ance. 

Owing  to  certain  unsatisfactory  features  of  the  record  for  one  month 
at  the  beginning  and  for  several  at  the  end  of  the  series,  the  investiga- 
tion of  the  disturbances  is  here  confined  to  the  hourly  record  of  the  six 
years  1883  to  1888,  inclusive. 

In  the  tables  of  hourly  ordinates  taken  from  the  bifilar  traces  and 
reduced  to  a standard  temperature  of  the  magnet  any  value  differ- 
ing more  than  nine  divisions  from  the  monthly  mean  value  of  its  re- 

* Coast  Survey  Report  for  1862,  pp.  171, 175.  One  division  of  scale  was  0-0000365  H. 

t Volume  hi  of  the  Toronto  Meteorological  and  Magnetic  Observations  (Sabine). 
One  division  of  scales  0 0000860  H. 
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spective  hour  was  marked  by  an  asterisk.  New  hourly  means  were 
then  taken  for  each  month,  omitting  all  marked  values.  These  new 
means  are  given  at  the  foot  of  each  monthly  table,  and  they  constitute 
the  hourly  normals  for  the  month.  No  notice  was  taken  of  the  few 
interpolated  values  inclosed  between  rectangular  , brackets,  so  far  as 
disturbances  are  concerned.  The  total  number  of  hourly  values  is 
52  560,  and  the  total  number  of  disturbed  values  3 231 ; hence  our  limit 
indicates,  on  the  average,  one  large  disturbance  in  every  sixteen  ob- 
servations.*# 

In  what  follows  the  disturbances  will  be  classified  with  respect  to 
numbers,  magnitude,  and  whether  increasing  or  diminishing  the  normal 
horizontal  intensity.  One  scale  division  equals  0*000109  H,  and  H = 
0*2728  of  a dyne,  nearly. 

Long-period  inequality  in  the  disturbances  of  the  horizontal  component  of 

the  magnetic  force . 


Year. 

No.  of  disturbances. 

Ratio 

to 

mean. 

Aggregate  amount. 

Ratio 

to 

mean. 

Average  magnitude. 

Incr. 

Deer. 

Total. 

Incr. 

Deer. 

Total. 

Incr.  Deer. 

Total. 

d. 

d. 

d. 

A 

d. 

d. 

i B83 

252 

648 

900 

1*67 

3°12 

10299 

I33II 

172 

12-0 

I5'9 

14*8 

1884 

97 

. 398 

495 

0-92 

1085 

6281 

7366 

o-95 

ri*2 

15-8 

14-9 

1885 

100 

476 

576 

1*07 

1184 

7154 

8338 

1*07 

ii*8 

150 

14-5 

1886 

1 13 

484 

597 

i*ii 

1259 

7613 

8872 

114 

hi 

157 

14*9 

1887 

60 

290. 

35o 

0-65 

706 

3924 

4630 

o-6o 

1 1 -8 

135 

13-2 

1888 

81 

232 

313 

0-58 

895 

3H8 

4043 

0-52 

no 

13-6 

12-9 

Total 

703 

2528 

3231 

8141 

38419  46560 

Mean  11*5 

14-9 

14-2 

The  progressive  diminution  in  the  number  and  aggregate  amount  ot 
the  disturbances  in  the  horizontal  plane  is  seen  to  follow  the  sun-spot 
cycle,  and  the  ratio,  for  number  and  amount,  for  the  year  of  greatest 
solar  activity  (1883)  as  compared  with  the  year  preceding  that  of  least 
activity  (1889)  is  nearly  as  3‘1  to  1 $ and  the  same  law  holds  for  increas- 
ing as  well  as  for  decreasing  disturbances  of  the  horizontal  intensity. 
It  also  appears  that  the  average  magnitude  of  an  increasing  disturb- 
ance (11*5  scale  divisions)  is  less  variable  in  the  ll£-year  cycle  than 
that  of  a decreasing  disturbance. 

At  Philadelphia  the  dependence  of  the  disturbances  on  the  solar 
cycle  is  shown  by  the  minimum  amount  recorded  for  the  year  July, 
1843,  to  July,  1844, f and  the  same  is  shown  at  Toronto  by  the  ratios 
expressing  the  relative  amount  of  disturbances  in  each  year,  viz : the 

**  The  marking  of  the  disturbed  values  and  the  computation  of  the  hourly  nor- 
mals are  due  to  Mr.  L.  A.  Bauer. 

tSee  table  x,  pp.  182;  183,  of  Coast  Survey  Report  for  1862. 
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minimum  in  1844  for  decreasing  force,  and  in  1845  for  increasing  force.** 
The  sun-spot  minimum  occurred  in  1843,  with  but  little  change  in  1844. 

Ratio  of  increasing  to  decreasing  disturbances . — In  every  one  of  the 
six  years  of  record  at  Los  Angeles  the  disturbances  increasing  the 
force  were  smaller  in  number  and  less  in  magnitude  than  those  decreas- 
ing the  force,  the  average  ratio  being  1 to  3-6  for  the  numbers,  and  1 
to  4*7  for  the  magnitudes.  For  Philadelphia  t these  ratios  were  1 to 
1*8  and  1 to  1*2,  respectively,  but  for  Toronto  the  last  ratio  was  1 to 
G-4  for  the  years  1844  to  1848.  f 

Annual  inequality  in  the.  disturbances  of  the  horizontal  force. — The 
following  two  tables  exhibit  the  number  and  aggregate  amount  of  the 
disturbances  for  each  month  of  the  years  1883  to  1888,  inclusive,  and 
for  increasing  and  decreasing  disturbances  separately. 


Number  of  dis- 
turbances. 

Ratio 

Aggregate  amount. 

Ratio  to  mean 
at — 

1 Average  magnitude. 

Month. 

Incr. 

Deer.  Total. 

to 

mean. 

Incr. 

Deer. 

Total. 

Los 

An- 

geles. 

Toron- 

to* 

Incr. 

Deer. 

Total. 

Jan. 

45 

169 

214 

o*8o 

d. 

504 

d. 

2400 

d. 

2904 

075 

0-58 

d. 

1 1 1*2 

d. 

14-2 

d. 

13-6 

Feb. 

23 

158 

181 

0-67 

239 

2308 

2547 

o-66 

0-94 

I IO‘4 

14-6 

'I4i 

Mar. 

47 

277 

324 

1-20 

545 

4722 

5267 

1*36 

o*94 

n-6 

17-1 

16-3 

Api. 

5o 

274 

324 

1-20 

608 

4011 

4619 

119 

1-50 

| 12-2 

14*6 

14-3 

May 

7i 

244 

315 

1*17 

855 

3866 

4721 

1*22 

0-90 

12-0 

15*8 

15-0 

June 

64 

163 

227 

0-84 

738 

2284 

3022 

078 

0-36 

11  5 

14-0 

I3'3 

July 

56 

152 

208 

077 

669 

2305 

2974 

077 

o-6i 

1 2'0 

152 

I4’3 

Aug. 

88 

186 

274 

1*02 

1972 

2546 

3618 

O93 

075 

12-2 

137 

132 

Sept. 

140 

332 

472 

175 

1615 

5285 

6900 

178 

171 

ii*5 

I5’9 

14-6 

Oct. 

44 

213 

257 

0*96 

472 

3115 

3587 

0-92 

1-48 

107 

14-8 

14-0 

Nov. 

47 

234 

281 

1-04 

501 

3892 

4393 

I 13 

0-98 

107 

16-6 

15-6 

Dec. 

28 

126 

154 

o-57 

323 

1685 

2008 

0-52 

1-28 

1 1 5 

13-4 

13-0 

In  looking  over  the  monthly  distribution  of  the  disturbances  we  find 
those  which  decrease  the  horizontal  component  to  be,  in  all  cases,  more 
numerous  and  of  greater  extent  than  those  which  increase  the  force. 
The  same  law  was  found  to  hold  for  the  observations  made  at  Phila- 
delphia (1840-’45).f 

The  distribution  of  the  disturbances  in  number  and  aggregate  amount 
throughout  the  year  exhibits  a double  progression,  with  maxima  in 
March  and  September,  or  about  the  equinoxes,  and  with  minima  in  De- 
cember and  July,  or  about  the  solstices.  The  September  maximum 
exceeds  the  December  minimum  in  the  proportion  of  3*25  to  1*00. 

This  annual  inequality  in  the  disturbances  presents  itself  with  great 
distinctness  at  Los  Angeles,  as  may  be  seen  by  comparison  with  the 

**  See  table  viii  of  Abstracts  and  results  of  magnetical,  etc.,  observations  at  the 
observatory  at  Toronto  from  1841  to  1871,  Toronto,  1875. 

t Tables  xi  and  xii  ; Coast  Survey  Report  for  1862. 

I Walker’s  Terr.  & Cos.  Magrn.,  Cambridge,  1866,  p.  274. 
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results  at  Toronto*  and  at  Philadelphia;  at  the  latter  place  it  was  so 
hidden  by  irregularities  as  to  be  almost  unrecognizable.! 

Kespecting  the  magnitude  of  the  disturbances  the  monthly  average 
values  appear  irregularly  distributed  over  the  year,  though  with  a 
slight  indication  of  larger  developments  in  March  and  September  and 
a less  one  in  December.  In  Part  n of  this  discussion  it  lias  been  shown 
that  the  annual  distribution  of  the  disturbances  in  declination,  with 
respect  to  their  average  magnitude,  is  an  indifferent  one,  which  is  sim- 
ilar to  the  case  of  the  disturbances  in  the  horizontal  component  of  the 
force. 

■“Walker,  Terr,  and  Cos.  Mag’m,  p.  276,  series  1844-’48. 
t Coast  Survey  Report  for  1862,  p.  183. 


The  diurnal  inequality  in  the  disturbances  of  the  horizontal  component  of  the  magnetic  force . 

[The  tabular  values  depend  on  the  hourly  co-ordinates  for  the  six  years,  1883  to  1888,  inclusive.] 
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Remits  of  the  differential  measures  of  the  horizontal  intensity  from 
observations  recorded  at  Los  Angeles , Cal. — Continued. 

From  the  contents  of  the  preceding  table  we  conclude  that: 

(1)  The  distribution  of  the  disturbances  in  a solar  day  is  of  a periodic 
character. 

(2)  The  disturbances  which  increase  the  horizontal  force  are  most 
active  at  noon  and  least  active  at  4h  a.  m. 

(3)  The  disturbances  which  decrease  the  horizontal  force  are  most 
active  at  18h  or  six  hours  after  noon  and  least  so  at  5h  a.  m.  The  earth, 
therefore,  makes  a quarter  of  a revolution  between  the  times  of  extreme 
development  of  the  increasing  and  the  decreasing  forces. 

(4)  If  we  keep  in  view  the  aggregate  amount  of  the  disturbances, 
instead  of  their  number  of  occurrence,  we  find  the  above  laws  to  hold 
likewise. 

(5)  The  ratio  between  the  daily  maximum  and  minimum  is  6-0  to  1 
for  the  increasing  forces  and  6*0  to  1 also  for  the  decreasing  forces. 

(6)  The  number  and  average  amount  of  the  disturbances  decreasing 
the  horizontal  force  is  at  all  hours  of  the  day  greater  than  for  disturb- 
ances increasing  the  same,  and  the  excess  of  the  former  over  the  latter 
is  greatest  at  18h  and  least  at  8h. 

(7)  The  average  magnitude  of  the  disturbances  increasing  the  force 
appears  to  be  the  same  at  all  hours,  whereas  the  average  magnitude  of 
those  decreasing  the  force  exhibit  an  increase  between  the  hours  4 p.  m. 
and  2 a.  in. 

Comparison  of  the  above  results  with  similar  ones  obtained  at  other 
stations : Respecting  the  diurnal  periodicity  of  the  disturbances,  the 
comparative  table  for  Kew  (seven-year  series,  1858-764),  for  Toronto 
(five-year  series,  1844-’48),  for  Philadelphia  (five-year  series,  1840-’45), 
and  for  Los  Angeles  is  quite  instructive,  and  makes  it  clear  that  the 
results  at  many  more  stations  will  have  to  be  collected  before  a com- 
prehensive knowledge  can  be  had  of  the  laws  of  action  of  the  disturb- 
ances even  for  the  limited  area  of  the  United  States. 

Hours  ( counting  from  midnight  to  midnight  0 to  24h)  of  the  day  of  occur - 
rence  of  extreme  values. 


Locality. 

Disturbances  in- 
creasing force. 

Disturbances  decreasing 
force. 

Max. 

Min. 

Max. 

Min. 

Kew . 

17b 

6h 

ioh  and  23b 

lyh 

Toronto. 

16 

2 

2 and  7 

16 

Philadelphia. 

12 

6 

20  and  (10?) 

4 

Lps  Angeles. 

12 

4 

18 

5 

We  notice  a fair  accord  of  the  disturbance  periodicity  for  Philadel- 
phia and  Los  Angeles,  but  a discord  in  the  hours  for  Kew  and  Toronto. 
The  complexity  of  the  phenomenon  is  moreover  brought  more  fully  into 
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view  by  the  ex  hibit  of  a double  progression  of  the  decreasing  force 
inequality  at  Kew,  which  double  wave  is  feebly  represented  at  Toronto 
and  obscurely  indicated  at  Philadelphia,  but  which  has  no  existence  at 
Los  Angeles.  It  is  also  noteworthy  that  at  the  two  southern  stations, 
St.  Helena  and  the  Cape,  the  maximum  in  the  disturbances  which 
increase  the  force  occurs  at  llh,  thus  agreeing  with  Los  Angeles  and 
Philadelphia.  Likewise  we  find  the  same  accord  for  the  maximum  of 
those  decreasing  the  force,  which  occurs  between  18h  and  19h. 

At  all  the  stations  named  the  disturbances  decreasing  the  force  pre- 
ponderate over  those  which  increase  it.  The  ratio  for  the  horizontal 
force  disturbances  for  Toronto  is  6*4  to  1 (as  stated) ; for  Kew  it  is 
as  3*2  to  1. 

The  normal  solar  diurnal  variation  of  the  horizontal  component  of  the 
force. — In  the  following  table  I have  collected  the  hourly  normals,  as 
given  at  the  foot  of  the  monthly  tabulation  of  the  hourly  coordi- 
nates, all  referred  to  the  standard  temperature  of  the  bifilar  magnet. 
These  normals  are  simply  the  new  means  after  the  exclusion  of  all 
values  marked  as  disturbances  and  condensed  from  a six- year  series 
into  a one-year  series.  The  second  table,  headed  u Normal  solar-diurnal 
variation,”  is  derived  from  the  first  by  subtracting  the  respective 
monthly  mean  from  each  hourly  mean  and  converting  the  scale  divi- 
sions into  parts  of  the  horizontal  force.  A -f  sign  signifies  a force 
greater  than  that  of  the  mean  of  the  day,  a — sign  one  less  than  this 
mean. 
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DIFFERENTIAL  OBSERVATIONS  OF  THE  HORIZONTAL 


[Local  mean  time. 


sive,  expressed  in 

200  scale  divisions  + tabular  quantity ; all 


Years.! 

Month. 

ih 

2h 

3h  4h 

5“ 

* 6h 

7h 

8b 

9b 

IOh  IIh 

Noon 

Jan. 

99-o 

99-2 

997  100-3 

ioi-o 

ioi-  r 

101-9 

1017 

ioo-8 

97-2  93-4 

93' 1 

CD 

Feb. 

997 

100-3 

ioi-o  101-5 

ioi-8 

102-3 

102-6 

102-9 

102-0 

ioo-8  98-8 

97'4 

•55 

Mar. 

1017 

102-4 

102-9  103-2 

102-9 

102-8 

102-5 

ioo-8 

997 

99-0  98-2 

97'4 

Apr. 

103- 1 

103-4 

103-7  104-0 

104-3 

104-6 

102-9 

*1011 

100-2 

99-8  99-4 

99-6 

May 

105-0 

105-2 

104-8  104-5 

105-0 

105-0  103-8 

102-2 

102-3 

102-9  103-2 

103-6 

oo 

June 

104-2 

104-2 

104-5  io4'5 

104-9 

105-0 

103-9 

102-3 

I02‘4 

103-7  104-7 

105-1 

oo 

00 

July 

101-9 

102-2 

102- 1 102-2 

102-5 

102-8 

101-4 

99-0 

987 

99-6  100-7 

ior8 

Aug. 

100-2 

100-2 

100-3  IOO’5 

ioo-6 

100-3 

98-0 

95-i 

95’2 

96-3  97-0 

98-1 

Sept. 

96-3 

96-7 

97-1  97-4 

96-9 

96-8 

9T3 

911 

90-6 

91-4  91-9 

92-6. 

CO 

OO 

Oct. 

92-0 

92-6 

93-2  937 

937 

93-2 

92-2 

89-6 

88-2 

87-7  88-4 

88-6 

oo 

Nov. 

89*  * 

89-8 

90-0  90-4 

907 

911 

90-9 

90-1 

88-6 

86-8  85-7 

86-1 

Dec. 

86-8 

87-3 

88-i  88-4 

89-2 

89-6 

90-2 

90-2 

89-2 

86-8  84-0 

82-9 

Normal  solar-diurnal  variation  of  the  horizontal  force  at  Los 

[Local  mean  time. 

a ^ f aign  indicates  a force 

Years. 

Month. 

i* 

2b 

3h  4h 

5h 

6b 

7h 

8b 

9h- 

IOh  IIh 

Noon 

Jan. 

+0-4  +o-6  +i*i  +1-7  +2-4  4-2-8  +3-3  4-3-1 

42-2 

— 1-4  —5-2 

— 5'5 

<u’ 

Feb. 

— o-i 

+0-5  +i-2  +i-7 

42-0 

42-5  42-8  43-1 

42-2  4 i-o  — ro 

—2-4 

't/2 

Mar. 

4 0‘9  +1-6  4-2-1  +2-4  -j-2'  I 

42-0  41-7 

0-0 

— i-i 

—i-8  —2-6 

— 3*4 

Apr. 

4-1-1 

-f  1-4  +1-7  +2-0 

+ 2’3 

42-6  4°'9 

—0-9 

—i-8 

— 22  — 2-6 

—2-4 

May 

+7-4  +i-i 

41-6 

41-6 

4°*4 

— 1-2 

— i-i 

— 05  — 0-2 

40-2 

00 

June 

40-9  4-0*9  -|—  I "2  -f-I-2 

— i-o 

— 0-9  4°'4  -M‘4 

-fi'8 

oo 

00 

July 

+ 1-4 

+ i7 

+ i-6  41-7 

42-0 

42-3  40-9 

—1-5 

—i-8 

— 0’9  40-2 

+ i'3 

Aug. 

+ 1-9  +1-9 

4-2-0  -j-2'2 

42-3  42-0 

—0-3 

—3*2 

—3*i 

—2-o  —1-3 

— 0-2 

o 

Sept. 

4-1-8  -j-2’2 

42-6  +2-9  42-4  +2-3 

— 0-2 

— 3'4 

—3'9 

—3-1  —2-6 

—i-9 

CO 

oo 

Oct. 

+0-9  +1-5 

42-1  42-4  42-4  42-1 

4II 

—i-5 

—2-9 

—3-4  —2-7 

—2-5 

00 

Nov. 

+0-7  4~i-2  -f-i;4  +i-8  42-1 

+2-5 

+2-3  41-5 

0-0 

— 1-8  —2-9 

—2-5 

Dec. 

o*3  +0-2  +1-0  +1-3 

42-1 

+2-5  +3‘i 

+3-i 

42-1 

—0-3  —3-1 

—4-2 
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COMPONENT  OF  THE  MAGNETIC  FORCE. 

j 

l diurnal  variation  for  each  month  from  the  6 years , 1883  to  1888,  inclu- 
l scale  divisions. 


readings  are  reduced  to  standard  temperature  of  bifilar  magnet.] 


i3h 

1411 

I5'1 

i6h 

1711 

1 8* 

191' 

20h 

21* 

22h 

23* 

Midn’t. 

Daily 

mean. 

93-8 

96-2 

98-0 

98-9 

99-o 

99-6 

99-1 

98-9 

98-4 

98-4 

98-5 

98-6 

986 

97'5 

97'5 

97-8 

98-4 

98-8 

99*5 

99‘i 

99-0 

99-0 

98-9 

99-2 

99-2 

99-8 

97*9 

997 

ioo-8 

ioi-o 

101*2 

ioo-6 

ioo-6 

ioo-6 

100-7 

IOO-7 

ioo-8 

101-5 

ioo-8 

100-4 

ioi-i 

102-2 

102-2 

101-7 

ioi-6 

ioi-6 

ioi-8 

101-7 

102-6 

102-6 

102-5 

102-0 

1 04- 2 

103-9 

103-0 

IOI-6 

ioi*3 

IOI-2 

102-2 

102-3 

102-6 

102-8 

103-9 

104-3 

103-4 

104-8 

104-4 

I03-0 

IOI’4 

100-2 

100-5 

100-9 

101-7 

102:2 

103-1 

103-2 

103-6 

103-3 

101-9 

ioi-i 

100-2 

98-4 

97-6 

98-1 

97-5 

. 99’9 

ioo-i 

ioo-6 

IOI-O 

101-5 

100-5 

98-8 

98-5 

97-8 

96-8 

96-5 

97-5 

98-2 

98-5 

98-4 

987 

98-9 

99-9 

98-3 

93-0 

93‘  9 

94*8 

94-8 

94-6 

_ 95‘o 

94-8 

95‘2 

9T5 

94-1 

94-6 

953 

9T5 

89-9 

90-4 

91 ’i 

91-2 

9i7 

91-2 

91-4 

91-4 

90-9 

91-0 

91-0 

91-8 

91-1 

86-2 

86-4 

87-4 

88-4 

88-8 

89-2 

88-9 

88-o 

88-3 

88-5 

88-i 

88-7 

88-6 

83-1 

847 

86-2 

87-4 

88-o 

87-8 

8f  3 

86-6 

86-3 

86-4 

86-i 

86-6 

87-1 

Angeles,  Cal.,  between  1883  and  1888,  expressed  in  scale  divisions. 

| | tlie  average  value  of  H.] 


1 


!3h 

14^ 

x5h 

i6h 

I7h 

18* 

I9!l 

20* 

21* 

22h 

23H 

Midii’ 

1-4-8 

—2.4 

— o-6 

+o-3 

+0-4 

+ i-o 

+0-5 

+0-3 

— 0-2 

—0*2 

— 0*1 

o-o 

—2"3 

—2-3 

:2"0 

—i-4 

— 1-0 

—0-3 

—0-7 

— o-8 

— o-8 

—0-9 

— o-6 

— o-6 

t—  2-9 

— I-I 

0-0 

+0-2 

+0-4 

— 0-2 

— 0-2 

— 0-2 

— O-I 

— O-I 

o-o 

+o-7 

—i-6 

—0-9 

+0-2 

-j-O-2 

—0-3 

—0-4 

—0-4 

— 0-2 

—0-3 

+o-6 

+o-6 

+0-5 

|+°'8 

+0-5 

—0-4 

—1-8 

— 2-1 

— 2-2 

— 1-2 

— I-I 

—o-8 

— o-6 

+o-S 

+0-9 

! + i-5 

+ 11 

-0*3 

—i-9 

—3-1 

—2-8 

—2-4 

—i-6 

— IM 

— 0-2 

— 01 

+o-3 

l-fi’4 

-j-o-6 

—o-3 

—2-1 

—2-9 

—2-4 

—3-0 

—o-6 

— 0-4 

+o-i 

+0-5 

+ i-o 

+o-5 

-j-0"2 

—o-5 

—1-5 

—i-8 

—o-8 

— O-I 

+0-2 

+o-i 

+°"4 

, +o-6 

-f-i-6 

— J-5 

— o-6 

+o-3 

+0-3 

+o-i 

+o-5 

+0-3 

+0-7 

0-0 

— 0-4 

+o-i 

-fo-8 

— 1-2 

—0-7 

0-0 

+0-1 

-fo-6 

+o-i 

+o-3 

+o-3 

— 0-2 

— O-I 

— O-I 

+0-7 

2'4 

— 2*2 

— 1-2 

—0-2 

4-0-2 

-j-o*6 

-+0-3 

— o-6 

—o-3 

— O-I 

-o-5 

+o-i 

—4-0 

2*4 

—0-9 

+0-3 

+0-9 

+0-7 

+0-2 

—o-5 

—o-8 

—0-7 

— i-o 

—o-5 
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DIFFERENTIAL  OBSERVATIONS  OF  THE  HORIZONTAL 

Normal  solar-diurnal  variation  of  the  horizontal  force  at  Los  Angeles , 

[Local  mean  time.  a i ^ indicates  a force 


Month. 


Ih 


2^ 


3h  411  5 11  6h 


7h 


8h  9h  ioh  uh  Noon 


Means 


•i 


Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 


Jan. 


1 

1 

} 

i 


+o-6  +i-2  -(-17  +2-o  A2'1  +2-4  +!*8  +07  — 0-2  — i-o  — 2-1  — 27 

+ i-3  +i-5  +i-4  +i*3  +17  +1’9  -i*2  -i*3  —0-3  +0-5  + 11 

+ i-5  +i’9  +2'2  +2‘5  +2*4  +2*1  +0-2—27  —3*3  — : 2-8  —2-2  —1-5 

+0-3  +0-7  +i-2  +i-6  +2-2  +2-6  +2-9  +2-6  +i-4  —i-2  —3-7  —4-1 
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COMPONENT  OF  THE  MAGNETIC  FORCE— Continued. 

Cal.,  betiveen  1883  and  1888 , expressed  in  scale  divisions — Continued. 

{ smaller  ^an  t^ie  average  value  of  H.] 


i3h 

I4h 

i5h 

i6h 

i7h 

i8h 

i9h 

20h 

2Ih 

22l1 

23h 

Midn’t. 

~2‘3 

—1-4 

— 0-6 

—o-3 

—o-3 

— o-3 

—o-4 

— °'4 

—0-4 

— o-i 

0-0 

-fo-2 

+ 1-2 

+07 

-o-3 

— 1’9 

—27 

-2*5 

— 2-2 

—o-8 

— 0-2 

+0-3 

+07 

-07 

-0*4 

— o-i 

—o*4 

—o-4 

— O-I 

-j-O'2 

+0*4 

o-o 

OO 

-fO-2 

+ 1-0 

—37 

—2*3 

—0-9 

+0*1 

+o-5 

+o-8 

+o*3 

—0*3 

—o-4 

—0-3 

—0-5 

—O-I 

Means 


Month. 


Feb. 

Mar. 

Apr, 

May 

June 

July 

Aug. 

Sept. 

Oct, 

Nov. 

Dec 

Jan 


;} 
1 
n 
?} 


Daily  range. 

Div’s. 

Parts  of  H. 

5-i 

0-00056 

4-6 

50 

5-8 

63 

7-o 

76 

V 
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The  following  table  of  the  u Total  solar-diurnal  variation”  is  given 
here  for  a direct  comparison  of  the  diurnal  variations,  inclusive  and 
exclusive  of  the  larger  disturbances;  ft  refers  to  the  same  combination 
of  months,  hence  excludes  the  months  of  December,  1882,  and  January 
and  February,  1889: 


Feb. 
Mar. 
Apr. 
May  1 
June  l 

Means,  j *[u^y  ' 
j Aug. 

Sept 
Oct 


g-J 

f! 

Nov.  S 
Dec.  I 
Jan.  J 


ih  2h  3b  4h  5h  6h  7h  8h  9b  ioh  nh  Noon. 

■J- i*o  7 I *s  +2*1  +2'5  +27  +2-8  +2-3  +*I-2  +0*1  —0-8  —1-9  —27 

7-1-4  +i-8  +1-7  +17  +2-1  +2-3  +0*9  — 0-9  — i-o  — o-i  +0-7  +1-3 

+ 1*7  +2-1  -j-2'4  -f-2-8  7-2-9  -J-2‘6  7-0-7  —21  —3-0—  2-5  —1-8  —1*1 

7-0-3  +0-8  +1-4  +20  +2-5  +3-0  4-3-3  +3*0  +i*7  —0*9—  3*7  —4*2 


May 

I June 

Means.  ^ July 
I Aug. 
Sept. 
Oct. 


f Feb.  4 
Mar.  [ 
I Apr.  J 

! lVTiiy  'j 

7 J 
g-  ) 
ft 

Nov.  S 
Dec.  I 
Jan.  J 


I3h 

i4h 

I5h 

i6h 

17b 

1 8b 

19b 

20h 

2 1*1 

22b 

23'*  Midn’t. 

—2-3 

— .1-6 

-0-9 

—o-8 

—0-9 

-I*1 

— VI 

— I-o 

-0-9 

-o*5 

—0-3  70-3 

7-1-2 

7-o-8 

—0-5 

— 2*1 

—3*2 

—3-0 

—2*4 

—17 

— 1*2 

— o-6 

70-1  70-9 

-0-5 

—0-4 

— o-6 

—0-9 

— 1-2 

—o-8 

—o-6 

-o-5 

-0-3 

-o*3 

— |— 0*2  — j—  I • I 

-36 

—2-3 

—o-8 

0-0 

7-0*2 

+o*3 

o-o 

-o*5 

-0-7 

— o-6 

— 0-6  — 0-2 

f Feb. 

Mar. 
I Apr. 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

. Jan- 


Daily  range. 

Div’s. 

In  parts  of 
H. 

5*5 

0-00060 

5*5 

0-00060 

5*9 

0-00064 

7*5 

0-00082 

Means. 


No.  6 
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Results  of  the  differential  measures  of  the  horizontal  intensity  from 
observations  recorded  at  Los  Angeles , Gal . — Continued. 

The  intiuence  of  the  larger  disturbances  on  the  diurnal  variation  is 
best  shown  by  means  of  the  accompanying  diagrams  (illustration  No. 
0),  combining  three  months  each,  namely,  two  having  an  equinoctial 
month  for  its  middle  and  two  having  a solstitial  month  for  its  middle. 
It  would  appear  that  about  the  equinoxes  the  diurnal  variation  exhib- 
its but  one  maximum  and  one  minimum,  whereas  about  the  solstices, 
and  particularly  at  the  summer  solstice,  it  shows  two  maxima  and  two 
minima  In  all  cases  the  exclusion  of  the  disturbances  leaves  the  gen- 
eral character  of  the  curves  unchanged,  but  diminishes  the  daily  ampli- 
tude. This  diminution  of  the  range  is  greatest  for  the  three  months 
including  the  summer  solstice,  viz:  From  5*5  divisions  or  0-00060  in 
parts  of  H to  4*6  divisions  or  0-00050  in  parts  of  H,  that  is,  one-sixth 
of  the  whole  range. 

As  has  already  been  noticed  the  exclusion  of  the  disturbances  would 
have  the  general  effect  of  raising  the  absolute  value  of  the  horizontal 
force. 

DAYS  OF  LARGrE  DISTURBANCES  IN  THE  HORIZONTAL  COMPONENT 

OF  THE  FORCE. 

The  following  table  contains  the  dates  on  which  the  bifilar  curves 
show  large  disturbances.  A range  of  30  scale  divisions  or  upwards  on 
any  one  day  was  taken  as  a disturbed  day.  A range  of  15'  in  declina- 
tion change  (adopted  in  Part  II)  would  correspond  to  0*00436  in  parts  of 
the  horizontal  force  or  to  40  scale  divisions  of  the  bifilar  instrument  $ the 
limit  of  30  divisions  or  0-00327  H has  been  preferred  however,  as  this 
includes  very  nearly  all  days  on  which  the  declination  was  disturbed. 
The  reduction  to  standard  temperature  has  been  applied.  The  table 
is  arranged  similarly  to  that  given  in  Part  II.  The  hours  are  counted 
from  midnight  (0)  to  24  hours,  and  increasing  scale  divisions  corre- 
spond to  increasing  force. 
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Days  of  large  disturbance  in  the  horizontal  component  of  the  force  at 
Los  Angeles , Cal.,  October,  1882,  to  February,  1889. 

[An  asterisk  (*)  indicates  day  of  large  disturbance  in  declination.] 


Date. 

Local  mean  time  of 
extremes. 

Extreme  scale 
readings.  2ood.-\- 

Range 
of  day 
in  terms 
of  H. 

Magnitude  of  dis- 
turbance or  differ- 
ence from  normal 
in  terms  of  H. 

Greatest 

force. 

Least 

force. 

Max. 

Min. 

Max. 

Min. 

1882. 

h. 

VI. 

h. 

m. 

d. 

d. 

Oct. 

2* 

2 

25 

11 

05 

163  (?) 

86  (?) 

•0084 

+ -°°35  - 

- -0042 

Oct. 

5* 

3 

45 

20 

10 

147 

88 

64 

17 

45 

Oct. 

6 

3 

30 

1 

15 

144 

1 12 

35 

-i  4 

20 

Oct. 

23 

21 

55 

21 

30 

153 

1 12 

45 

26 

18 

Oct. 

24 

19 

i5 

21 

30 

143 

1 12 

34 

15 

18 

Oct. 

27 

22 

15 

17 

30 

146 

hi 

38 

18 

18 

Nov. 

1 1 

22 

55 

24 

00 

149 

116 

36 

23 

15 

Nov. 

12* 

5 

35 

21 

45 

142 

81 

66 

14 

5i 

Nov. 

13* 

5 

00 

8 

30 

134 

87 

5i 

06 

4i 

Nov. 

14 

19 

5o 

11 

10 

141 

103 

4i 

12 

21 

Nov. 

i7*f 

3 

00 

20 

10 

148  (?) 

4 

157  (?) 

+ 

23  (?)  137 

Nov. 

i8*f 

2 

55 

11 

00 

125 

69 

061 

— 

02 

058 

Nov. 

!9*f 

13 

5o 

20 

50 

124 

34 

98 

+ 

01 

104 

Nov. 

20*  j 

0 

5o 

4 

15 

148 

59 

97 

+ 

22 

075 

Nov. 

21 

22 

35 

9 

00 

120 

73 

5i 

— 

08 

57 

Nov. 

25 

8 

30 

16 

15 

129 

97 

35 

+ 

04 

34 

Dec. 

15 

16 

00 

23 

45 

153 

116 

40 

25 

16 

Dec. 

18 

22 

05 

20 

15 

144 

109 

38 

15 

23 

Dec. 

20* 

7 

30 

4 

50 

149 

88 

66 

16 

48 

1883. 

18 

Jan. 

26 

2 

20 

12 

25 

145 

113 

35 

11 

Feb. 

I 

8 

00 

18 

40 

144 

108 

39 

oS 

27 

Feb. 

2* 

\ 2 
\23 

10 \ 
°5> 

17 

05 

147 

114 

36 

13 

21 

Feb. 

3 

23 

50 

0 

05 

148 

117 

34 

15 

18 

Feb. 

22 

23 

25 

7 

35 

152 

107 

49 

20 

33 

Feb. 

24* 

9 

14 

19 

i5 

149 

7i 

85 

15 

68 

Feb. 

25 

23 

50 

0 

10 

137 

105 

35 

03 

32 

Feb. 

27 

6 

40 

16 

10 

141 

100 

45 

03 

36 

Mar. 

22 

22 

35 

10 

30 

149 

119 

33 

14 

17 

Mar. 

26 

2 

40 

19 

40 

148 

107 

45 

11 

32 

Mar. 

27 

24 

00 

13 

35 

145 

107 

4i 

08 

29 

Apr. 

3 * 

1 

25 

8 

25 

155 

82 

80 

+ 

13 

62 

Apr. 

4 

0 

25 

10 

30 

141 

109 

35 

— 

01 

34 

Apr. 

19 

20 

30 

18 

30 

145 

no 

38 

+ 

04 

33 

Apr. 

24* 

9 

00 

18 

05 

165 

105 

65 

29 

38 

May 

20 

9 

40 

19 

35 

151 

105 

50 

11 

40 

May 

21 

24 

00 

13 

35 

149 

ii5 

37 

05 

32 

June 

6 

2 

20 

16 

00 

165 

131 

37 

24 

09 

June 

18 

2 

00 

16 

00 

154 

126 

30 

12 

14 

June 

22 

12 

05 

19 

10 

162 

126 

•0039 

+ *< 

302 1 - 

-•0015 

tThe  great  disturbance  in  November,  1882;  as  in  the  case  of  the  declination,  the  curves 
traced  by  the  bifilar  magnet  have  been  reproduced;  see  diagram  No.  7. 
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No. 7 


-20,  l 8 32 


NOV.  \ 7 


«-NOV.  18 


cJL 

joor 


9 0- 
8o 

70 

6o 

50 

*»0 


30 


LsJ 

h J 
< 
_ o 
w 

vL 
< 
_j 

u. 

00 


« 

c 

X 
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Days  of  large  disturbance  in  the  horizontal  component  of  the  force  at 
Los  Angeles , Gal.,  October,  1882,  to  February,  1889 — Continued. 


Date. 

Local  mean  time  of 
extremes. 

Extreme  scale 
readings,  lood.  -f- 

Range 
of  day 
in  terms 
of  H. 

Magnitude  of  dis- 
turbance or  differ- 
ence from  normal 
in  terms  of  H. 

Greatest 

force. 

Least 

force. 

Max. 

Min. 

Max. 

Min. 

1883. 

h. 

VI. 

h. 

in. 

d. 

d. 

June 

27 

1 

30 

18 

35 

158 

121 

•0040 

+ ' 

0 

0 

CTl 

- 0020 

June 

30 

6 

15 

16 

00 

147 

1 16 

34 

04 

25 

fuly 

8 

8 

30 

6 

35 

166 

134 

35 

33 

04 

Inly 

10 

2 

10 

6 

00 

162 

115 

5i 

26 

26 

July 

1 1 

13 

55 

17 

40 

150 

Ii3 

40 

13 

25 

July 

15 

7 

00 

15 

40 

147 

ii5 

35 

1 1 

23 

July 

18 

1 

20 

18 

45 

162 

121 

45 

26 

16 

July 

29 

16 

00 

l9 

55 

152 

109 

47 

18 

29 

July 

30 

4 

30 

18 

35 

142 

106 

39 

03 

33 

Sept. 

15* 

19 

30 

22 

35 

167 

5i 

126 

39 

85 

Sept. 

16* 

H 

40 

19 

45 

134 

77 

062 

03 

60 

Oct. 

5 

0 

00 

8 

20 

136 

IOI 

38 

10 

23 

Oct. 

16* 

14 

10 

20 

5o 

134 

86 

52 

09 

46 

Nov. 

1 

ii 

oTo 
0 0 

18 

40 

132 

102 

33 

08 

23 

Nov. 

2 

14 

00 

19 

00 

123 

84 

42 

01 

42 

Nov. 

21 

21 

35 

23 

10 

142 

90 

57 

+ 

22 

36 

Nov. 

22* 

5 

00 

0 

35 

1 19 

76 

47 

— 

06 

54 

1884. 

Feb. 

23 

9 

00 

16 

5o 

133 

93 

44 

+ 

05 

30 

Feb. 

29 

9 

5o 

21 

50 

132 

81 

56 

08 

46 

Mar. 

3 

3 

5o 

3 

00 

147 

11 3 

37 

22 

i5 

Mar. 

28 

2 

00 

21 

45 

130 

92 

41 

03 

35 

Apr. 

17 

3 

00 

17 

30 

135 

98 

40 

06 

30 

Apr. 

24* 

6 

00 

16 

40 

135 

99 

39 

05 

29 

May 

22 

9 

00 

19 

00 

142 

no 

35 

1 1 

23 

Tune 

2 

8 

00 

16 

00 

147 

1 17 

33 

18 

14 

July 

13 

5 

30 

16 

5o 

141 

100 

45 

14 

25 

July 

19 

6 

00 

2d 

10 

134 

103 

34 

06 

25 

July 

25 

1 

40 

19 

40 

135 

96 

42 

09 

33 

Aug. 

21 

3 

00 

15 

10 

1 3i 

100 

34 

04 

26 

Sept. 

13 

1 

00 

18 

55 

129 

98 

34 

08 

25 

Sept. 

17 

4 

35 

18 

55 

129 

72 

62 

08 

54 

Sept. 

18 

0 

40 

0 

00 

121 

89 

35 

01 

35 

Oct. 

1* 

14 

05 

19 

25 

144 

64 

87 

+ 

32 

56 

Oct. 

2 

23 

15 

18 

40 

116 

75 

45 

01 

44 

Nov. 

1 

6 

25 

22 

45 

127 

95 

35 

+ 

10 

22 

Nov. 

2 

8 

05 

18 

20 

1 19 

66 

58 

02 

54 

Nov. 

3* 

5 

30 

0 

05 

124 

77 

5i 

08 

4i 

Nov. 

28* 

4 

15 

0 

00 

124 

96 

30 

08 

21 

Dec. 

14 

3 

10 

20 

00 

121 

«7 

37 

08 

28 

Dec. 

19 

15 

00 

23 

°5 

125 

95 

•0033 

+ • 

0014  - 

- ’0020 

H.  Ex.  43,  pt.  2—7 
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Days  of  large  disturbance  in  the  horizontal  component  of  the  force  at 
Los  Angeles , Gal.,  October , 1882 , to  February , — Continued. 


Date. 

Local  mean  time  of 
extremes. 

Extreme  scale 
readings,  2Q>od.  -j- 

Range 
of  day 
in  terms 
of  H. 

Magnitude  of  dis- 
turbance or  differ- 
ence from  normal 
in  terms  of  H. 

Greatest 

force. 

Least 

force. 

Max. 

Min. 

Max. 

Min. 

00 

00 

On 

h. 

h. 

m. 

d. 

d. 

Jan. 

2 

w 

o/'o 
0 0 

1 1 

35 

126 

90 

•0039 

+ ' 

•0013  - 

— .0021 

Jan. 

22 

7 

30 

12 

15 

122 

74 

52 

06 

38 

Jan. 

30 

5 

30 

2 

35 

121 

9i 

33 

06 

25 

Feb. 

IO 

3 

10 

12 

10 

136 

97 

42 

, 26 

13 

Feb. 

II 

18 

32 

21 

30 

123 

84 

42 

13 

29 

Feb. 

28 

7 

00 

18 

37 

120 

88 

35 

08 

25 

Mar. 

15* 

0 

08 

to 

00 

123 

65 

63 

13 

5i 

Apr. 

26 

5 

00 

21 

00 

”5 

81 

37 

01 

33 

00) 

May 

13* 

) 2 

oo> 

15 

35 

116 

67 

54 

03 

47 

( 3 

00) 

May 

25* 

9 

20 

« 

23 

00 

136 

65 

77 

+ 

27 

50 

May 

26* 

12 

00 

0 

35 

106 

78 

30 

— 

06 

37 

May 

27* 

21 

20 

22 

55 

1 12 

76 

39 

+ 

02 

38 

June 

24t 

to 

55 

20 

i5 

135 

86 

53 

29 

24 

June 

25t 

2 

25 

9 

30 

1 1 7 

76 

45 

09 

36 

July 

17 

13 

5o 

17 

40 

135 

98 

40 

28 

08 

July 

31 

13 

00 

21 

25 

124 

90 

37 

15 

18 

Aug. 

I* 

2 

*3  . 

18 

5o 

129 

82 

5i 

27 

21  j 

Aug. 

7 

2 

05 

to 

50 

1 18 

84 

37 

15 

17 

Aug. 

28 

0 

00 

21 

05 

”3 

77 

39 

1 1 

27 

Sept. 

4 

23 

45 

15 

50 

”5 

70 

49 

18 

29 

Sept. 

15* 

5 

35 

21 

30 

112 

69 

47 

13 

29 

Sept. 

23 

1 

55 

15 

08 

107 

76 

34 

08 

23 

Nov. 

1 1 

2 

45 

13 

20 

114 

77 

40 

20 

to 

Nov. 

18* 

4 

45 

12 

45 

109 

64 

49 

13 

3° 

Doc. 

6 

10 

00 

to 

5o 

104 

72 

35 

12 

24 

Dec. 

7 

8 

15 

16 

05 

101 

65 

39 

05 

32  | 

1 886. 

Jan. 

9* 

0 

10 

11 

05 

126 

33 

101 

42 

60 

Jan. 

28 

9 

15 

23 

25 

105 

76 

032 

13 

14 

Jan. 

29 

2 

10 

20 

35 

105 

66 

42 

16 

25 

Feb. 

10 

9 

00 

20 

20 

96 

65 

34 

00 

29  | 

Mar. 

19 

22 

05 

16 

05 

96 

61 

38 

05 

33  j 

Mar. 

28 

5 

00 

17 

48 

99 

69 

33 

04 

25 

Mar. 

30* 

53 

12 

35 

133 

8 

131 

44 

88 

•Mar. 

3i 

4 

20 

11 

36 

104 

53 

056 

10 

39 

Apr. 

13 

1 

30 

22 

30 

98 

69 

32 

06 

24 

Apr. 

14* 

3 

35 

22 

50 

99 

57 

46 

08 

37 

Apr. 

24 

16 

08 

22 

35 

107 

70 

40 

18 

23 

May 

8* 

4 

35 

18 

25 

105 

41 

70 

1 1 

53 

May 

9 

0 

06 

1 

06 

98 

57 

45 

05 

41 

May 

17 

23 

10 

20 

00 

106 

70 

39  • 

1 3 

23 

June 

5 

4 

46 

17 

36 

106 

74 

•0035 

+ 

•0012 

— -0017 

J This  disturbance  was  one  of  considerable  geographical  extent. 
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j Days  of  large  disturbance  in  the  horizontal  component  of  the  force  at 
Los  Angeles , Gal.,  October,  1882 , to  February,  1889 — Continued. 


Date. 

Local  mean  time  of 
extremes. 

Extreme  scale 
readings,  2O0>d.  + 

Range 
of  day 
in  terms 
of  H. 

Magnitude  of  dis- 
turbance or  differ- 
ence from  normal 
in  terms  of  II. 

Greatest 

force. 

Least 

force. 

Max. 

Min. 

Max. 

Min. 

1886. 

k. 

in. 

h. 

in. 

d. 

d. 

Tune 

22 

12 

45 

16 

05 

109 

74 

•0038 

+ 00-15  - 

- -0018 

June 

25 

10 

30 

i7 

40 

100 

69 

34 

05 

24 

June 

29 

24 

00 

20 

16 

106 

55 

56 

14 

39 

June 

30 

0 

05 

16 

53 

112 

70 

46 

21 

22 

July 

27* 

6 

30 

15 

17 

98 

44 

59 

08 

49 

Aug. 

12 

0 

40 

18 

25 

100 

65 

39 

11 

24 

Aug. 

15* 

23 

40 

19 

55 

97 

69 

30 

°9 

20 

Aug. 

23 

15 

30 

20 

45 

100 

48 

57 

15 

42 

Sept. 

9* 

6 

00 

23 

05 

93 

61 

35 

04 

29 

Sept. 

10 

23 

45 

16 

05 

104 

63 

45 

17 

26 

Sept. 

n 

21 

25 

9 

45 

94 

63 

34 

06 

23 

Oct. 

6 

6 

55 

17 

i5 

95 

5o 

49 

12 

36 

Oct. 

7 

0 

10 

21 

35 

9i 

59 

35 

08 

24 

Oct. 

8 

5 

30 

8 

30 

89 

54 

38 

04 

27 

Oct. 

19 

11 

10 

1 

20 

94 

65 

32 

14 

21 

Nov. 

2 

7 

02 

16 

30 

92 

56 

39 

14 

• 

23 

Nov. 

6 

6 

00 

13 

05 

82 

48 

37 

02 

29 

Nov. 

30 

3 

15 

11 

45 

9i 

59 

35 

13 

17 

co 

00 

^4 

16 

Jan. 

22 

9 

00 

21 

30 

92 

55 

40 

20 

Apr. 

6 

22 

45 

17 

40 

84 

53 

34 

10 

24 

Apr. 

14 

13 

10 

22 

07 

87 

57 

33 

14 

20 

May 

12 

11 

10 

17 

05 

94 

55 

42 

22 

21 

May 

23 

13 

58 

18 

55 

92 

55 

40 

18 

20 

July 

7 

2 

45 

18 

55 

94 

54 

44 

16 

24 

Aug. 

1 

3 

10 

49 

15 

9i 

34 

62 

16 

42 

Aug. 

2 

23 

45 

21 

05 

85 

56 

32 

1 1 

18 

Aug. 

3 

0 

00 

15 

30 

82 

5i 

34 

08 

22 

Aug. 

28 

H 

00  > 
005 

22 

10 

76 

46 

33 

01 

30 

Aug. 

29 

2 

25 

14 

05 

85 

54 

34 

10 

20 

Sept. 

25 

1 6 

00 ) 
005 

19 

20 

79 

12 

73 

08 

64 

Sept. 

27 

4 

5o 

516 

\i8 

10 \ 
50  \ 

76 

45 

34 

03 

28 

Oct. 

22 

15 

45 

15 

42 

9i 

53 

4i 

24 

17 

Oct. 

26 

6 

05 

15 

10 

80 

49 

34 

1 1 

21 

Nov. 

21 

2 

10 

1 1 

40 

88 

32 

61 

23 

35 

Dec. 

21 

7 

00 

19 

55 

69 

35 

37 

03 

30 

1 888. 

Jan. 

7 

8 

35 

23 

5o 

75 

44 

34 

13 

17 

Jan. 

13 

7 

45 

1 1 

20 

75 

29 

5o 

12 

29 

Jan. 

23 

5 

55 

16 

50 

78 

35 

47 

16 

28 

Mar. 

15 

5 

05 

22 

40 

80 

46 

37 

13 

22 

Apr. 

2 

15 

45 

21 

10 

75 

44 

•0034 

+ .0008  - 

- .0025 

100 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


Days  of  large  disturbance  in  the  horizontal  component  of  the  force  at 
Los  Angeles , Cal.,  October , 1882 , to  February , 1889 — Continued. 


Date. 

Local  mean  time  of 
extremes. 

Extreme  scale 
readings,  200 d.  -f- 

Range 
of  day 
in  terms 
of  H. 

Magnitude  of  dis- 
turbance or  differ- 
ence from  normal 
in  terms  of  H. 

Greatest 

force. 

Least 

force. 

Max. 

Min. 

Max. 

Min. 

1888. 

h.  in. 

k.  m. 

d. 

d. 

Apr.  ii 

3 05 

16  45 

. 76 

36 

•0044 

4-  *0007  -- 

- *0035 

May  20 

3 17 

21  08 

87 

17 

76 

21 

54 

June  3 

0 20 

18  30 

77 

42 

38 

10 

26 

June  22 

6 15 

18  00 

79 

48 

34 

10 

18 

Aug.  3 

3 40 

18  35 

78 

42 

39 

13 

23 

Aug.  15 

23  05 

21  00 

79 

48 

34 

16 

17 

Sept.  13 

0 30 

16  00 

82 

49 

36 

21 

13 

Oct.  19 

2 00 

15  30 

69 

35 

37  . 

10 

26 

Oct.  30 

14  10 

20  17 

7i 

30 

45 

^5 

30 

Dec.  23 

( 8 00? 
) 9 oo5 

20  18 

63 

30 

•0036 

-f  -0003  - 

— -0028 

With  our  limit  of  counting  any  daily  range  equal  to  or  exceeding  30 
scale  divisions  (0.00327  H or  0-000892  of  a dyne)  a day  of  large  disturb- 
ance, we  find  170  disturbed  days  in  2 341  days,  that  is,  1 in  14,  with  an 
average  daily  disturbance  range  of  42  scale  divisions,  or  0-00458  H. 
This  average  disturbance  range  is  to  the  ordinary  daily  range  as  458 
to  49,  or  as  9 to  1 nearly.  Classified  by  magnitude  for  differences  of  10 
scale  divisions,  we  have  the  following  table : 


Disturbance 

range. 

Number  of 
days. 

d. 

d. 

30  to 

40 

105 

40 

50 

34 

50 

60 

H 

60 

70 

5 

70 

80 

5 

80 

90 

2 

above 

90 

5 

In  the  great  November  storm  of  1882,  the  maximum  recorded  range* 
was  144  divisions  (-0157  H)  on  November  17, 3h,  as  near  as  can  be  made 
out;  this  corresponds  to  a deflection  from  the  normal  for  that  time  of 
126  divisions,  or  -0137  H. 

The  preponderance  of  the  larger  disturbances  decreasing  the  horizon- 
tal force  over  those  increasing  the  same  is  plainly  brought  out  from  the 

* The  trace  passed  to  the  edge  of  the  paper  and  to  some  unknown  distance  beyond. 
See  diagram  No.  7. 
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j Results  of  the  differential  measures  of  the  horizontal  intensity  from 
observations  recorded  at  Los  Angeles , Cal. — Continued. 

last  two  columns  j tlie  ratio  of  tlie  disturbances  decreasing  (—  of  the 
table)  to  those  increasing  (-J-  of  the  table)  the  force  is  as  2*5G  to  1. 

THE  LUNAR  INFLUENCE  ON  THE  HORIZONTAL  COMPONENT  OF  THE 
MAGNETIC  FORCE  AT  LOS  ANGELES,  CAL.,  1883-1888. 

The  'methods  of  investigation  are  in  general  the  same  as  those  fol- 
lowed in  the  discussion  of  the  influence  of  the  moon  as  exhibited  by  the 
variations  in  declination;  hence  it  will  suffice  to  refer  to  Part  ii  of  this 
paper  for  all  matter  of  detail. 

The  data  forming  the  basis  of  the  investigation  are  the  hourly  rec- 
ords of  the  changes  of  the  horizontal  component,  reduced  to  a uniform 
temperature  of  the  magnet,  as  appended.  Each  ordinate  was  marked 
with  the  nearest  lunar  hour  for  future  tabulation,  and  there  were  like- 
wise marked  the  days  of  the  several  lunar  phases,  together  with  those 
of  the  moon’s  greatest  and  least  declinations  and  of  its  apogee  and 
perigee.  As  in  the  case  of  the  declination  effect,  all  values  previously 
marked  as  disturbances  were  omitted  from  the  tabulation. 

Lunar-diurnal  variation. — The  effect  of  the  moon  on  the  earth’s  hori- 
zontal magnetic  force  is  very  minute  and  can  only  be  made  evident  by 
eliminating,  in  the  process  of  reduction,  all  larger  variations  due  to 
other  causes  and  by  combining  a large  number  (several  thousands)  of 
lunar  values  to  a mean  value.  In  the  treatment  adopted,  the  influ- 
ences of  diurnal  and  annual  solar  variations  of  the  disturbances,  of  the 
sun  spot  inequality,  and  of  the  secular  variation  are  all  eliminated. 
Three  years  of  differential  record  were  selected,  viz,  the  year  1883,  the 
year  1885J-1886J,  and  the  year  1888,  yielding  7 579,  7 950,  and  8 195  lunar 
differential  ordinates,  respectively;  these  numbers  were  found  suffi- 
cient fairly  to  bring  out  the  character  and  amount  of  the  diurnal  influ- 
ence. Tne  laborious  nature  of  the  investigations  demands  this  restric- 
tion from  7 to  3 years.* 

The  following  table  contains  for  each  hour-angle  of  the  moon  the  mean 
value  of  all  the  differential  ordinates  at  that  hour- angle,  i.  e.,  the  dif- 
ference between  the  tabular  reading  and  its  corresponding  monthly 
mean  reading  of  the  bifilar  record.  A -f  sign  indicates  a northerly  hor- 
izontal force  greater  than  the  normal,  a — sign  a southerly  disturbing 
force. 

*For  the  purpose  in  hand  a total  length  of  410  meters  (or  nearly  one-fourth  of  a 
statute  mile)  of  photographic  trace  was  employed,  yielding  altogether  23  724  ordi- 
nates, distributed  over  the  24  hour-angles  of  the.moon.  Since  the  average  width  of 
the  trace  is  about  one  and  a quarter  scale  division  and,  as  will  be  seen,  the  total 
range  of  the  lunar  effect  is  but  two-thirds  of  a division,  the  whole  of  the  lunar- 
diurnal  variation  is  confined  to  half  the  width  of  the  trace. 


Number  and  value  of  the  hourly  ordinates  of  the  lunar-diurnal  variation. 

[One  scale  division  equals  0-000109  part  of  the  force,  or  in  dynes  0-000109  X 0-2727  = 0-0000297  of  a dyne.  For  the  23724  deferential  ordinates  I am  indebted  to  Mr.  L.  A.  Bauer.] 


102 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


.ssd 


O « CO 

2 ° 2 i 

O I ‘H 

H ° ^oo  o 

r^.2  OO 

CO*-1  w 


On  r^GO  rooc  rovo  vo  O M vo  n NTtNN  ro  omO  tJ-vO  O 
HfOtncON’tO  NOOhhm  O C4  N m m O « fO  uvt  N 

2 o 

2 o 

2 o 

o p 


++I  ! 1+  I+++++  I I I I I 


.2  > 6 H 

P<*. 

a vo  <+-. 

S31 1?° 

Ph  N.Soo 
04  +J  *-i 


<o  > + - 1; 

<u  >h  oo  ig  os 
uooSS  ft  . 
Sr*  us  m oo  j 

= •§  B 7.S* 

^ I O 

(-1  tOVO  OO 


w 00  ro  O r>sO  O *+  N vr>  *+  O r-s.  w>  1-1  >^-vO  N N 00  O ■<-}- 
hHMfOTfOM  O O M >-l  o o N o H M O M Tf  N M ")  O O 

8 8 

O . O 

9 9 

+ 111  + +++ I + ! I I f I I + 


tJ-  C\  N Lo  O hi  -+  r^.00  vO 

to  to  'O  N w O m04MOOi-< 

O 

O 

O 

O 


M « LO  O N uo  \£)  rOOO  u-i  ro  fO 
C M O « «ON 

O 

o 

o 

o 


o 

++ 


+++  I I I I I ++  I + 1 + 1 I III 


© 

++ 


ro 

OO 

CO 


B tn'ig 
1 oo 
oo  °9 


ro 

00 

oo 


I— ■ ►— I CO  r — . 1—1  t-r-i  ONOiPIO  N1T|  N Ovi^  OnnO  fO  mOO  ro  w 

to  to  t(  h O O i-h  O O i-i  . O i-.  O O >-*  oi  to  to  M m O n 
6 6 6 6 6 6 666666  666666  666666 
+++++  I I I I I ++  I + I + I I 1111++ 


^ O O O O O O 

H — I — b+  I I 


ioO  H H M N LOO  "t  o N ON 

OrOwrOO'-'  CS  M N « -<  -i  M 
666666  666666  666666  6 
I I I +++++++ I MINI 


+2000000  000000  o 00  000 

++++++  I I I I ++  ++ I + I I 


0^0  10  r^vD 
rfvO  V h O + 
6 6 6 6 6 6 
I I I I ++ 


_i  _ h n On  O HOtOiO't^’  ^■HtoO^-toOO'flOOH 

Ti-  ri-  + to  to  -tt-  -+  ro  -3-  to  t*-  ■>+ 

tO  to  to  ro  MO  to  to  fO  to  +)  fO  to  to  (O  to  to  to  to  rororotOfOto 


VO  tOO  ON  I — M N O rf-NiON  ONvoOOfO  vf  rj-  h M NO 

to  to  to  M to  to  to  to  to  to  to  M "t  fO  to  to  to  tO  04  04  04  04  04  04 

to  to  ft)  to  to  to  to  to  to  to  to  to  to  to  to  to  to  to  to  to  to  to  to  to 


O to  ON  t+00  oo  On  v/o  O vo  On  vr>  04  00  iO  O h tO  to  't  N O C NO 

N H O H H ^ O H M H M M M - 1-  t4  M H N H H N « H 

to  ro  to  to  to  to  to  to  to  to  to  to  to  to  to  to  to  to  to  TO  to  to  to  to 


rotONtoO  04  to  On  r^oo  vO  04  O oovo  oo 

ONrowO*-  h O h O O h t4  O O h m to 

666666  6 6666  6 666666  666666  o 

+++++ 1 + 1 i i i i + 1 i + 1 i i i i ++ 


NO  t^NO  o +'0  01  ion  t>.00  nO  H ft)  o to  Oi  oor^o-^-  t^vo 
OnOO  00  00  OnOO  00  00  On  On  OnOO  O On  On  OnOO  OO  CO  t^00  00  00  00 
On  On  On  On  On  On  On  On  On  On  On  On  O On  On  On  On  On  On  On  On  On  On  On 


u 


C4  CO  ^}-  4lt>  n©  r^oo  On  O 1-1  C)  ro  ■<+  vonO 

j ~ ~ ~ 


U.  S.  C.  S.  Report  for  1802,  p.  207.  One  scale  division  equals  0-0000365  H.  1 Toronto  Observations,  vol.  III.  One  division  of  scale  = 0 000087  in  parts  of  H. 


♦ 


U.  S.  Coast  and  Geodetic  Survey,  Report  for  1891. — Part  II. 


No.  8. 


decreasing  force  increasing  force 

Millionth  parts  of  the  hor'l  force 

I + 


o 


Lunar-diurnal  Variation  of  the 
Horizontal  Force. 


REPORT  FOR  1891 PART  II. 


103 


Results  of  the  differential  measures  of  the  horizontal  intensity  from 
observations  recorded  at  Los  Angeles , Cal. — Continued. 

In  tlie  preceding  table  I have  also  given,  for  tlie  purpose  of  compari- 
son, the  lunar- diurnal  variation  of  the  horizontal  force  at  Philadelphia 
and  at  Toronto,  the  former  from  a three-year  series  by  Dr.  Bache,  the 
latter  from  a five-year  series  of  observation s by  Gen.  Sabine.  Not  only  is 
the  general  character  of  the  lunar  effect  the  same  for  the  three  stations, 
viz,  a diurnal  and  a semidiurnal  wave  combined,  but  the  amplitudes 
of  the  effect  are  almost  identical  when  measured  in  parts  of  the  hori- 
zontal force  at  each  place.  This  close  accord,  especially  when  the 
extreme  minuteness  of  the  whole  action  is  considered,  is  also  brought 
out  in  the  accompanying  diagram  No.  8,  in  which  the  figures  of  the  last 
three  columns  of  the  preceding  table  have  been  plotted. 

Expressed  analytically  the  Los  Angeles  results  are  represented  by 

H a = — 0-000  000  1 + 0-000  014  08  sin  (15*  + 40°-l) 

+ 0-000  026  18  sin  (30 n + 63°-7) 

+ 0-000  001  98  sin  (45 n + 29°-5) 

where  n = number  of  hours  after  upper  culmination  and  the  corre- 
sponding horizontal  force  expressed  in  parts  of  H;  for  absolute  meas- 
ure in  dynes  multiply  by  0-2727.  This  formula  represents  the  observa- 
tions as  follows: 


«’  s 

hour- 

angle. 

Lunar-diurnal  variation. 

Diff. 
O— C 

O 

hour- 

angle. 

Lunar-diurnal  variation. 

Diff. 
O— C 

Observed. 

Computed. 

Observed. 

Computed. 

U.  C. 

0-000034 

-f-  0-000034 

0 

L.  C. 

0*000002 

+ 

0-000013 

— 15 

I* 

+ ' 

34 

+ 

39 

—5 

i3h 

+ 

21 

+ 

13 

+ 8 
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36 
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- 37 

— 1 

14 
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05 
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07 

— 12 
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26 
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IO 
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03 
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11 
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16 
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17 

— 
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05 
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04 

— 1 

17 
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10 
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28 
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08 
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ii 

f 

16 

+ 

09 
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23 
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23 
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2 +5° 

. 

—49 

We  get  the  probable  error  of  the  representation  of  a single  value  by 
the  simple  formula, 

r = 0-845  =JL=  = + 4-3  or  + 0-000  004  3 part  of  H. 
fn(n—r) 


104  U.  S.  COAST  AND  GEODETIC  SURVEY. 

At  Philadelphia  we  have  the  expression  for  II ^ in  parts  of  IT  (see  p. 
209,  C.  S.  Kep.  for  1SG2) : 

II a = - 0-000  000  4 + 0-000  014  GO  sin  (1 5n  + 13°-5) 

+ 0-000  021  90  Sill  (30 n + 38Q-7) 

+ 0-000  005  64  sin  (45»  + 2440-5) 


and  r = + 0-000  007  8 part  of  H. 

At  Toronto  we  have : 

H«  = + 0-000  004  3 + 0-000  018  80  sin  (15»  - G°-4) 

+ 0-000  025  95  sin  (30 n -j- 15°-1) 

4-  0-000  004  G8  sin  (45 n + 97°-4) 

and  r = A 0-000  005  7. 

To  give  an  example  of  the  lunar-diurnal  effect  at  a station  in  the 
southern  hemisphere  I add  here  the  result  deduced  by  General  Sabine 
from  a 4J-year  series  of  observations  at  St.  Helena  (Magnetical  and 
Meteorological  Observations  at  St.  Helena,  1844-’49,  Vol.  n,  London, 
I860,-  Table  xxxvn  and  p.  cxlvii),  slightly  improved  and  changed  to 
compare  with  above  notation. 

H c = + 0-000  002  4 4-  0-000  009  21  sin  (15%  + 265°6)  + 0-000  017  67  sin  (30%  + 130° -5) 

+ 0-000  002  13  sin  (45»  + 284°-6) 

In  the  following  table  I have  put  together  for  the  North  American 
stations  the  hour-angles  of  the  moon  for  each  of  the  four  extremes  of 
the  diurnal  action,  as  computed  by  means  of  the  formula 

d H 

=1)  cos  (0  + c)  + 2 l),  cos  (2  e + c,)  + 3 bn  cos  (3  6 + c„)  = 0 

and  introducing  the  numerical  values  from  the  given  expressions  for 
Hc. 


At  Los  Angeles,  Cal. 
At  Phi  adelphia,  Pa. 
At  Toronto,  Can. 


Principal 

maximum. 

Secondary 

minimum. 

Secondary 

maximum. 

Principal 

minimum. 

h.  m. 

1 12 

2 52 
2 40 

h.  in. 

7 06 

8 19 

9 34 

k.  m. 

12  30 

13  07 

14  22 

h.  m. 
18  40 
18  41 

20  06 

Amount  in  parts  of  H. 

+ -ooo  0397 
+ 032 

+ °37  7 

— -0000187 

— 016 

— 0040 

+ -0000136 
019 

+ 0229 

— -ooo  0342 

— 032 

— 0427 

For  Los  Angeles,  Cal. 
For  Philadelphia,  Pa. 
For  Toronto,  Can. 


REPORT  FOR  1891 PART  IT.  105 

Results  of  the  differential  measures  of  the  horizontal  intensity  from 
observations  recorded  at  Los  Angeles , Cal. — Continued. 

Total  lunar-diurnal  range. 

For  Los  Angeles,  Cal.,  crooo  073  9 II. 

For  Philadelphia,  Pa.,  64  o 

For  Toronto,  Can.,  80  4 

While  the  North  American  stations  concur  within  an  hour  or  two  to 
assign  the  same  position  (hour-angle)  of  the  moon  for  each  of  the  above 
extremes  of  the  horizontal  force  (respectively),  it  is  otherwise  at  other 
stations  5 thus,  J.  A.  Broun  found  from  the  Makerstown  (Scotland) 
series  of  observations,  1843-’4G — * 

The  greater  maximum,  1J  hours  after  lower  culmination. 

The  greater  minimum,  8 hours  after  upper  culmination. 

The  smaller  maximum,  2 hours  after  upper  culmination. 

The  smaller  minimum  3 hours  before  upper  culmination. 

Here  the  principal  and  subordinate  extremes  appear  exchanged  as 
compared  with  the  American  stations.  At  Prague  (Bohemia),  from  a 
10-year  series,  1840-:49,f  K.  Kreil  found  the  greater  maximum  about 
4 J hours  after  lower  culmination,  and  the  smaller  maximum  about  4J 
hours  after  upper  culmination;  also,  the  greater  minimum  about  10 J 
hours  after  upper  culmination,  and  the  smaller  one  about  10 J hours 
after  lower  culmination,  showing  the  same  feature  in  the  diurnal  ine- 
quality as  at  Makerstown. 

How  far  the  epochal  quantities  c c,  en remain  constant  at  any 

one  place  remains  to  be  seen. 

Semiannual  inequality  in  the  lunar-diurnal  variation. — If  we  combine 
the  preceding  results  separately  for  the  six  months,  October  to  March 
(inclusive),  when  the  sun  is  in  south  declination  and  for  the  remaining 
six  months,  when  the  sun  is  in  north  declination,  we  get  the  following 
ordinates,  in  scale  divisions,  of  the  lunar-diurnal  variation,  where 
a — the  moon’s  hour- angle,  W the  winter,  and  S the  summer  half  year. 


a 

W. 

s. 

a 

W. 

S. 

U.  C. 

d. 

+ •28 

d. 

4~  '35 

L.  C. 

d. 

— •09 

d. 

+ 'c>5 

ih 

- +-3I 

~r  ‘33 

I3h 

+ •18 

+ •21 

2 

+ ’37 

■ + '30 

H 

+.'03 

— 11 

3 

+ *29 

+ '23 

15 

+ '09 

+ -08 

4 

+ -io 

+ •12 

16 

— '31 

— '°3 

5 

+ '°5 

— *i5 

17 

- -46 

— '°3 

6 

— -oi 

— •18 

18 

— •63 

— '°3 

7 

— *IO 

— -28 

19 

— '47 

— -ii 

8 

— 12 

— •31 

20 

— -22 

— •30 

9 

+ -04 

— *16 

21 

— II 

— •17 

10 

+ -14 

+ •01 

22 

+ '°4 

+ •01 

11 

+ -21 

+■•10 

23 

+ '19 

-j-  '22 

* Trans.  Roy.  Soc.  of  Edinburgh,  Vol.  xix,  Part  11,  1849,  at  Sir  Thomas  M.  Bris- 
bane’s observatory. 

t Denksehriften  of  the  Imperial  Academy  of  Sciences,  Vienna,  Vol.  v,  1853.  Ein- 
fluss  des  Mondes  auf  die  horizontale  Componento  der  magnetischen  Erdkraft. 
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The  average  number  of  ordinates  from  which  any  tabular  value  is 
derived  is  494.  Thrown  into  curves,  the  tabular  values  for  the  six 
months  with  the  sun  in  south  declination,  when  contrasted  with  the 
values  for  the  period  with  the  sun  in  north  declination,  plainly  show  a 
greater  minimum  at  n,  = 8h  (about)  and  a less  minimum  at  a = 19h 
(about)  in  summer  than  in  winter.  At  Philadelphia  a slightly  greater 
range  was  noted  for  the  summer  months ; at  this  place  also  the  extremes 
of  the  double  wave  were  found  to  occur  earlier  in  winter  than  in  sum- 
mer. No  such  difference,  however,  can  be  detected  at  Los  Angeles, 
though  the  principal  minimum  is  2 hours  earlier  in  winter. 

Variation  of  the  lunar-diurnal  force  in  the  plane  of  the  horizon. — The 
lunar-diurnal  deflecting  force  acting  in  a horizontal  plane  may  be  rep- 
resented in  direction  and  intensity  in  the  same  manner  as  has  been 
shown  in  the  case  of  the  solar-diurnal  deflecting  force. 

In  Part  II  of  this  discussion,  the  east  and  west  component  of  the 
lunar  disturbing  force  is  given  in  seconds  of  arc  for  all  hour-angles  of 
the  moon  • multiplying  these  hourly  values  by  2 oAe  5 or  by  0-000004848, 
we  get  their  equivalent  values  in  terms  of  the  horizontal  force  H.  The 
combination  of  the  latter  with  the  corresponding  values  of  the  north 
and  south  component  gives  the  disturbing  force  throughout  the  lunar 
day,  as  shown  by  the  accompanying  diagram  (illustration  No.  9). 


’shour 

angle 

t. 

E.  and  W. 

Component* 
in  terms 
of  H. 

N. and  S. 

Component  f 
in  terms 
of  H. 

({ ’shour 
angle 

t. 

E.  and  W. 

Component* 
in  terms 
of  H. 

N.  and  S. 

Component  f 
in  terms 
of  H. 

U.  C. 

. _ 

•000034 

+ -000034 

L.  C. 

— 

•000030 

— 

•000002 

i“ 

— 

012 

+ 

034 

i3h 

— 

012 

+ 

021 

2 

+ 

003 

+ 

036 

14 

— 

003 

— 

005 

3 

+ 

014 

+ 

029 

i5 

+ 

~r 

021 

+ 

OIO 

4 

+ 

034 

+ 

012 

16 

030 

— 

017 

5 

+ 

042 

- — 

005 

17 

+ 

044 

— 

025 

6 

+ 

042 

; 

OIO 

18 

+ 

037 

— 

036 

7 

+ 

025 

— 

021 

19 

+ 

021 

— 

033 

8 

— 

003 

— 

024 

20 

000 

' — 

028 

9 

— 

019 

— 

00  7 

21 

— 

032 

— 

oi5 

IO 

— 

039 

+ 

008 

22 

— 

°39 

+ 

003 

1 1 

— 

042 

A- 

016 

23 

— 

034 

+ 

023 

* Derived  from  23  807  observations  of  tlieunifilar  magnetometer;  a + sign  indicates  a deflecting  force 
to  tlie  east. 

t Derived  from  23  724  observations  of  tbe  bifilar  magnetometer;  a -f-  sign  indicates  a deflecting  force 
to  tbe  north. 


But  for  some  slight  irregularity  in  the  curve  about  Lower  Culmina- 
tion the  two  convolutions  are  plainly  brought  out.  In  this  respect  the 
lunar  field  is  unlike  that  of  the  solar  field. 

The  linear  scale  (of  force)  of  the  lunar  diagram  is  about  15  times 
greater  than  that  of  the  solar  ones,  given  on  a preceding  page.  A line 
drawn  from  the  center  of  the  diagram  to  any  hour  mark  of  the  curve 
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Results  of  the  differential  measures  of  the  horizontal  Intensity  from 
observations  recorded  at  Los  Angeles , Gal. — Continued. 

will  indicate  in  direction  and  magnitude  the  deflecting  force  then 
acting.* 

Inequality  in  the  horizontal  magnetic  force  depending  on  the  variation  of 

the  lunar  phases. 

This  investigation,  as  well  as  the  two  following  ones,  is  based  upon 
the  6-year  hourly  record  between  1883  and  1888,  inclusive,  as  ap- 
pended to  this  paper,  hence,  comprises  74  lunations.  The  method  fol- 
lowed is  the  same  for  the  three  investigations,  viz,  for  any  one  case, 
i.  e.y  of  phase,  declination,  or  parallax,  the  daily  means  (resulting  from 
24  hourly  readings,  but  omitting  all  larger  disturbances)  of  the  hori- 
zontal force  on  the  day  of  occurrence,  also  on  the  3 preceding  and  on 
the  3 following  days  were  compared  with  a normal  mean.  This  normal 
mean  was  obtained  from  the  daily  means  of  the  preceding  14  days  and  of 
the  following  14  days,  counted  from  the  day  of  the  event.  This  normal 
mean  was  subtracted  from  the  daily  mean,  as  given  by  observation  for 
the  day  of  the  event,  and  its  six  adjacent  days.  The  differences  are 
set  down  with  their  proper  sign,  a + sign  indicating  a greater,  a — 
sign  less  force  than  the  normal.  The  means  of  these  differences  were 
then  tabulated!  with  the  following  results,  expressed  in  scale  divisions 
(one  div.  = 0*000  109  H) : 

Inequality  in  the  horizontal  force  in  relation  with  the  lunar  phases. 


3 days  before  #. 

2 days  before, 
i day  before. 

On  day  of  new  moon. 

1 day  after. 

2 days  after. 

3 days  after. 

3  days  before  ]) . 

2 days  before. 

I day  before. 

On  day  of  first  quarter. 

1 day  after. 

2 days  after. 

3 days  after. 


The  figures  of  the  last  column,  when  shown  graphically,  plainly  indi- 
cate an  increase  in  the  horizontal  force  about  the  times  of  first  and  last 

* i.  e.,  tbe  force  as  expressed  in  parts  of  H,  or,  after  multiplying  with  0-2727,  in 
dynes,  with  which  a north  magnet  pole  of  unit  strength  would  be  urged  in  that 
direction . 

t The  work  was  performed  by  Mr.  L.  A.  Bauer. 


37  lunations. 

74 

luna- 

tions. 

37  lunations. 

74 

luna- 

tions. 

1883- 

’4-5- 

1886- 

’7-’8. 

18  83- 
’4-’ 5- 

1886- 

7-’8. 

_ .j 

+ '5 

+•2 

3 days  before  O* 

+ i‘4 

— *5 

+ *4 

•0 

•0 

•0 

2 days  before. 

+ -6 

— -8 

— -I 

+ -3 

:+*i 

1 day  before. 

— 1 

— 11 

— -6 

— -5 

— -i 

— *3 

On  day  of  full  moon. 

— i-3 

— i-i 

— 1*2 

— *1 

+ '5 

+•2 

1 day  after. 

— 7 

— A 

+ -i 

+ ‘2 

+•1 

2 days  after. 

— *5 

— '3 

- *4 

+ -3 

+ *6 

+•4 

3 days  after. 

— -4 

'2 

— 1 

+ *5 

+ i-i 

+•8 

3 days  before  ([  . 

— -2 

+ 7 

+ '3 

+ro 

+ -i 

+•6 

2 days  before. 

+ *3 

+ i-i 

+ 7 

+ i-i 

— *4 

+’4 

1 day  before. 

+ ^ 

+ -6 

+ *4 

+ i-i 

+ -2 

+7 

On  day  of  last  quarter. 

•O 

+ *8 

+ -4 

+ i’3 

+ '2 

+‘8 

1 day  after. 

-I 

+ -6 

+ *2 

+ 2-1 

— ’3 

2 days  after. 

— -I 

+ -4 

+ -2 

+ i-6 

—1-4 

+•1 

3 days  after. 

' + ‘I 

,-f  i-4 

+ -8 
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quarters  and  a decrease  about  the  times  of  new  and  full  moon.  The 
range  between  these  extremes  maybe  set  down  as  one  scale  division,  or 
about  0.0001  part  of  the  force.  (See,  also,  accompanying  diagram  illus- 
tration No.  10.)  The  result  from  the  observations  at  Philadelphia  by 
Bache*  (1840-’45),  and  the  result  found  by  Broun, f from  the  Makers- 
town  observations  (4843-’46),  as  well  as  the  Prague  observations  (1843- 
’46),  by  Kreil,  support  this  diminution  of  the  force  about  new  moon. 
Still,  much  uncertainty  remains  respecting  the  total  action  when  differ- 
ent places  are  compared.  This  is  readily  explainable  by  the  extreme 
smallness  of  the  effect  and  its  consequent  entanglement  with  the  nu- 
merous other  variations,  which  can  only  be  eliminated  imperfectly. 

Inequality  in  the  horizontal  magnetic  force  depending  on  the  variations 
of  the  moon’s  declination. — Following  the  same  method  as  before  we  get 
for  the  effect  depending  on  the  moon’s  extreme  declinations,  and,  when 
crossing  the  equator,  the  results  as  below.  Each  tabular  value  is  the 
mean  of  80  cases,  covering  the  0 years. 


3 days  before. 

2 days  before, 
i day  before. 

On  day  of  zero  dec- 
lination. 

1 day  after. 

2 days  after. 

3 days  after. 

3  days  before. 

2 days  before, 
i day  before. 

On  day  of  extreme 
N.  declination. 

1 day  after. 

2 days  after. 

3 days  after. 


3 years. 

6 years. 

3 years. 

6 years. 

1883- 

’85. 

1886- 

1883- 

1883- 

’85. 

1886- 

1883- 

’88. 

’88. 

’88. 

’88. 

d. 

d. 

d. 

d. 

* 

d. 

4-ro 

— ‘9 

+•1 

3 days  before. 

4-ri 

+ 4 

+ 7 

+ 7 

— 1-2 

—•2 

2 days  before. 

+17 

+ 4 

+ i*o 

+ 7 

— I-I 

— -2 

1 day  before. 

On  day  of  zero  dec- 

+  -5 

+ 7 

+ *6 

+ -6 

— I-I 

—•3 

lination. 

+ *9 

+ ’9 

+ -9 

— 7 

— -8 

-7 

1 day  after. 

+ -9 

+ ‘9 

+ 9 

— 7 

— ’5 

— -6 

2 days  after. 

+ -6 

4-  *4 

+ -5 

— i-i 

— *4 

—7 

3 days  after. 

+ -8 

4-  -6 

+ 7 

—i-i 

+ ‘3 

—;4 

| 3 days  before. 

+ 7 

+ i-o 

+ *9 

— ’9 

+ '6 

— -i 

2 days  before. 

— ’4 

+ -8 

4-  -2 

— -i 

+ ‘6 

+‘3 

1 day  before. 

On  day  of  extreme 

— '9 

+ i-o 

+ ‘I 

+ 7 

f -6 

+•6 

S.  declination. 

— '3 

+ *9 

+ *3 

+ *5 

+ -2 

+•3 

1 day  after. 

— -i 

— -i 

— -i 

+ 'I 

+ 4 

+•3 

2 days  after. 

•0 

— i-o 

- 7 

+ -6 

+ 4 

+■5 

3 days  after. 

+ -6 

—1-6 

— *4 

These  results'  indicate,  if  anything  certain,  a diminished  horizontal 
component  about  the  time  the  moon  crosses  the  equator,  with  increas- 
ing -f  declination,  and  an  increased  force  when  crossing  the  equator, 
with  increasing  — declination.  Apparently  no  decisive  effect  is  seen 
about  the  times  of  the  extreme  declination  of  the  moon.  The  figures 
presented  in  the  table  also  seem  to  indicate  a greater  force  at  and 
shortly  after  the  time  of  the  moon’s  greatest  north  declination,  and 
again  shortly  before  and  at  the  time  of  the  moon’s  greatest  south  dec- 
lination. They  are  further  shown  on  the  accompanying  diagram. 


* U.  S.  Coast  Surrey  Report  for  1862,  pp.  210,  211. 
tTrans.  Roy.  Soc.  of  Edinburgh,  Vol.  xix,  p.  II. 
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Results  of  the  differential  measures  of  the  horizontal  intensity  from 
observations  recorded  at  Los  Angeles , Cal. — Continued. 

Inequality  in  the  horizontal  force  depending  on  the  variation  of  the 
moon’s  distance. — Applying  the  same  method  as  before,  but  extending 
it  to  4 days  before  and  after  the  perigee  and  apogee,  we  get  the  fol- 
lowing results,  each  the  mean  of  79  values  and  comprising  the  6 years, 
1883  to  1888: 


4 days  before 

d. 

-j-o-6 

4 days  before 

d. 

4-1-2 

3 days  before 

+07 

3 days  before 

— O-I 

2 days  before 

-fO'2 

2 days  before 

— o-6 

I day  before 

— 0-2 

i day  before 

— o-6 

On  day  of  perigee 

4-0-0 

On  day  of  apogee 

—o-6 

I day  after 

+o-4 

I day  after 

—o-4 

2 days  after 

4-0-2 

2 days  after 

—o-3 

3 days  after 

+0-5 

3 days  after 

— o-i 

4 days  after 

+o-3 

4 days  after 

-o-9 

Hence,  the  force  appears  increased  about  perigee  and  diminished 
about  apogee ; the  difference  or  range  of  this  parallactic  inequality  is 
about  + 0*3  -f  0-2  or  0’5  scale  division.  This  result  is  more  in  accord- 
ance with  what  might  be  expected  than  the  opposite  results  found  for 
Prague  and  Philadelphia,  and  both  Sabine  and  Broun*  have  shown  that 
the  perigee  effect  exceeds  that  of  the  apogee,  and  the  latter  found  it  to 
be  nearly  as  the  inverse  cube  of  the  moon’s  distance  from  the  earth. 

THE  PERIOD  OF  THE  SOLAR  ROTATION  DEDUCED  FROM  VARIATIONS 
IN  THE  HORIZONTAL  COMPONENT  OF  THE  MAGNETIC  FORCE. 

In  the  preceding  Part  ii  an  account  has  been  given  of  the  method 
followed  in  deducing  the  solar  rotation  period  from  the  observed  varia- 
tions in  the  indications  of  the  unifilar  magnetometer,  the  same  method 
depending  on  the  inequalities  of  the  daily  variation  has  been  employed 
with  respect  to  the  bifilar  magnetometer.  The  hourly  scale  readings 
(corrected  for  changes  of  temperature  of  magnet)  for  the  year  1883 
were  submitted  to  the  process,  but  all  of  the  larger  disturbances  (viz, 
those  exceeding  9 scale  divisions  from  the  normal  of  the  hour)  were 
omitted.  The  normals  being  subtracted  from  the  hourly  readings  of  each 
month,  a + sign  of  the  respective  difference  indicate  a horizontal  force 
greater  than  the  normal,  a — sign  the  reverse.  The  average  amounts 
of  the  positive  and  of  the  negative  values  for  each  day  were  separately 
made  out  and  tabulated.  The  tabular  values  were  next  grouped  for 
rotation  periods  of  24,  25,  26,  27,  and  28  days,  thus  representing  14 
periods.  The  means  (of  14  values)  for  each  rotation  day  and  for  in- 
creasing and  decreasing  force  are  given  in  the  following  table,  to 
which  two  more  groups,  one  of  29,  the  other  of  30  days,  were  added  in 
consequence  of  a suspected  second  periodicity  connected,  however,  not 
with  the  sun  but  with  the  moon.  The  tabular  numbers  are  expressed 
in  scale  divisions. 


*Encycl.  Brit.  (9th  edition),  Vol.  xvi,  Art.  Meteorology,  p.  177. 
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Groups  of  mean  diurnal  range  differences  for  various  rotation  periods. 


Days 
of  the 
period. 

For  increasing  horizontal  force. 

For  decreasing  horizontal  force. 

I. 

II. 

III. 

IV. 

V. 

I. 

II. 

III. 

IV. 

V. 

! 

2-5 

2-2 

2*4 

2*9 

2-2 

17 

i*9 

3*3 

2*3 

2*5 

3*i 

2-S 

27 

3*2 

2 

i-8 

2-8 

2*4 

2-0 

2*9 

i-9 

r*5  j 

2*5 

2-0 

2-2 

2-9 

2-6 

2-6 

3*2 

3 

2-3 

2-8 

27 

2*2 

2-8 

2-1 

2-0 

2*4 

2*4 

2*6 

2-6 

2*4 

2-8 

3*3 

4 

2-5 

2*5 

i*9 

2‘I 

2*5 

i-8 

r6 

2*3 

2-2 

3*1 

2*4 

27 

3*0 

2*9 

5 

2-4 

2-8 

21 

3*5 

3*2 

i-8 

2T 

2*4 

2*3 

2-6 

3*3 

2*3 

3*3 

3*o 

6 

2-5 

2-4 

27 

3*4 

2*5 

2'0 

2-2 

2‘2 

2*6 

3*3 

3*o 

2-6 

2*6 

2*5 

7 

2-5 

2*5 

3*2 

27 

i-6 

17 

2*5 

2-2 

2-8 

3*o 

3*o 

2*5 

2-6 

3*2 

8 

2*5 

2*5 

2*3 

2-0 

2-0 

1*4 

2-2 

3*0 

2-8 

3*i 

3'1 

3*1 

3*4 

3*o 

9 

2*5 

2-1 

17 

1*4 

27 

1*5 

2'2 

2-8 

27 

3*2 

3*i 

2-6 

3*3 

2*4 

IO 

2-9 

17 

2-8 

2*3 

r6 

i-8 

2*9 

27 

3*0 

27 

2*9 

3*4 

2*5 

i-6 

1 1 

27 

i*9 

2*3 

2-6 

i*9 

2'I 

3*i 

2-1 

3*i 

3*i 

2*3 

3*2 

27 

16 

12 

27 

i*9 

2*5 

2*5 

1-9 

2-6 

* 3'5 

21 

2-8 

2-9 

2-1 

2*3 

2*5 

i-8 

13 

2-6 

2*4 

21 

21 

1*5 

27 

3'2 

2*3 

2’6 

2*9 

2-6 

2-3 

2*3 

i*8 

14 

2*3 

30 

2-2 

2-6 

2*3 

2-8 

3*3 

27 

i-9 

2-6 

20 

2-1 

27 

1-2 

15 

2-0 

2-6 

2-2 

2*5 

21 

27 

3*4 

2-9 

2*8 

2*4 

2-1 

2*9 

2*3 

1-2 

l6 

2*0 

3-o 

2*5 

2*5 

2-2 

27 

3*3 

2*4 

2*5 

2*2 

2*2 

2-8 

2-0 

2-0 

17 

27 

2-2 

3*2 

2*3 

2-0 

2-6 

3*1 

2-2 

3*6 

27 

27 

2-8 

27 

2-1 

18 

3*i 

2*4 

•2-4 

21 

21 

3*i 

2-8 

2’I 

2*9 

2*5 

27 

2*5 

2-0 

2*3 

19 

2’4 

2*3 

2-6 

2*4 

2*5 

3*2 

3*o 

3*o 

2-6 

2*5 

2*5 

2-2 

2-0 

2-2 

20 

2*4 

2*5 

2-2 

i-8 

2-8 

3*4 

2-0 

3*5 

2*3 

2*4 

2*5 

2-6 

i*5 

3*8 

21 

21 

2-8 

27 

2*3 

2-9 

3*7 

2-0 

3*o 

2*5 

i-8 

2*0 

i-8 

1-2 

2-9 

22 

2-2 

2*4 

27 

2-1 

37 

3*2 

2*0 

27 

2*5 

2-9 

2-2 

1*3 

2-0 

3*1 

?'3 

2*5 

2*3 

2-2 

2*3 

3*4 

3*2 

2*3 

27 

2*5 

2-1 

17 

2-0 

2*3 

2*5 

24 

21 

2-2 

2*5 

2-6 

27 

2-6 

2-8 

2-8 

2*3 

17 

1*9 

3*0 

2-9 

2-8 

25 

2-1 

1-9 

2-9 

2-8 

2-6 

1*9 

2*1 

2-0 

2-8 

3*6 

27 

3*3 

26 

2*3 

2*3 

2*3 

2*5 

2-2 

2*3 

3*3 

3*3 

2*3 

3*4 

27 

2*3 

2*3 

2*4 

r6 

2-9 

2-6 

3*2 

3*2 

28 

2*5 

2’6 

2-2 

21 

3*8 

3*i 

29 

17 

2*0 

3*3 

2-6 

30 

17 

2*3 

Mean 

2*43 

2-41 

2-4I 

2-40 

2*43 

2-42 

2*42 

260 

2-56 

2*59 

2*59 

2*59 

2*59 

2*58 

1 

Tlie  larger  means  at  tlie  bottom  of  the  table  for  horizontal  force 
decreasing,  as  compared  with  force  increasing,  is  due  to  the  greater  ac- 
tivity of  the  disturbances  which  decrease  the  force,  as  already  investi- 
gated. 

The  numbers  n for  each  of  the  periods  p were  next  represented  by 
an  expression  of  the  form : 

h=a-\-b  sin 

and  they  were  likewise  represented  graphically j it  was  found  that  the 
numbers  of  that  half  of  the  table  which  referred  to  increasing  force 
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Results  of  the  differential  measures  of  the  horizontal  intensity  from 
observations  recorded  at  Los  Angeles , Gal. — Continued. 

were  too  irregular  to  be  of  any  value  in  the  present  inquiry;  tor  the 
other  half  we  have: 

d.  d. 

p = 24  h — 2-6  + 0-235  sin  (n  0 + 117°) 

25  + 0-347  sin  (n  6 - 00  ) 

26  + 0-472  sin  (n  6 - 33  ) 

27  ’+•  0-342  sin  (n  6 + 9 ) 

28  + 0-116  sin  (n  6 47  ) 

To  determine  that  particular  period  P,  for  which  the  amplitude  b be- 
comes a maximum,  we  express  the  above  amplitudes  by  the  form 

b = a + 0 (p  - 26)  + y {p  - 26)2 

hence  the  observation  equations : 


0-235  = a - 

2/3  + 

4 y 

0-347  = a - 

/3  + 

Y 

0-472  = a 

0-342  = a + 

+ 

Y 

0-116  = a + 

2/3  + 

4:y 

and  the  normal  equations 

1- 512=  5 a + 10y  ( a = + 0-4354 

— 0-243  ==.  10/?  whence  </?==  — 0-0243 

2- 093  = 10  a +34  y \y=-  0-0665 

For  the  condition  of  the  maximum  we  have: 

M=fi  + 2r(p-26)  = o and  P = 26-^ 

0 = - 0-0243  - 0-1330  (P  - 26)  and  P = 25-82  days. 
The  observed  and  computed  amplitudes  compare  as  follows: 


Observed  b. 

Computed  b. 

0 

1 

O 

•235 

•218 

+•017 

•347 

•393 

— *046 

•472 

•435 

+ •037 

'342 

•345 

—•003 

•1 16 

•121 

, —-005 

From  the  reduction  of  the  unifilar  record  the  resulting  value  of  the 
(magnetic)  rotation  period  was  found  to  be  somewhat  less  than  26  days ; 
the  weight  of  the  above  result,  however,  from  the  bililar  record  is  very 
much  stronger,  and  25-8  days  seems  to  be  near  an  average  value,  deduci- 
ble  from  the  results  by  other  investigators. 
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The  greatest  range  due  to  solar  rotation  is  twice  0*44  scale  divisions 
or  0-000048  in  parts  of  H,  as  the  result  from  14  synodic  solar  rotations  in 
the  year  1883.  According  to  Spoerer  a rotation  period  of  25*8  days 
would  correspond  to  the  rotation  deduced  from  the  sun  spots  in  helio- 
graphic latitudes  of  about  17°. 

When  the  grouping  of  our  differential  range  data  was  extended  to  29 
and  30  days,  a second  regularity  made  its  appearance,  both  for  the  in- 
creasing and  for  the  decreasing  horizontal  force,  and  which  seemed  to 
have  its  most  prominent  development  for  a period  of  about  29 J days. 
This  points  to  a lun^r  origin  (synodic  revolution) ; the  range  consider- 
ably exceeds  that  just  found  for  the  solar  rotation  effect.  The  exist- 
ence of  a 29J-day  period  was  noticed,  long  ago,  by  J.  A.  Broun,  and 
referred  by  him  to  a lunar  revolution.* 

*See  Trans.  Roy.  Soc.,  Edinb.,  Vol.  xvi,  1846,  and  Phil.  Trans,  Roy.  Soc.,  Vol. 
166,  1876-77. 


- "7  " ■'  . ; - 


- i 


Ex.  43,  pt.  2 8 


114 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0*000109  in  parts  of  H.  All 

OCTOBER,  1882. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

ih 

2h 

3h 

4h 

5h 

6h 

7h 

8^ 

9U 

IOh 

lib 

Noon. 

j 

131 

133 

133 

134 

i35 

133 

131 

130 

129 

127 

125 

125 

2 

131 

152* 

134 

138 

123 

109* 

1 14* 

1 19 

1 12* 

IOO* 

99* 

125 

3 

127 

130 

130 

129 

131 

131 

129 

129 

129 

128 

126 

127 

4 

136 

132 

132 

134 

132 

134 

131 

128 

129 

131 

131 

125 

5 

142* 

I4I* 

143* 

147* 

142* 

145* 

142* 

141* 

138* 

I4I* 

134* 

125 

6 

122 

1 18* 

128 

132 

i39 

130 

131 

128 

127 

127 

125 

123 

7 ' 

131 

132 

133 

132 

132 

131 

130 

132  . 

133 

133 

133 

132 

8 

9 

10 

132 

132 

132 

132 

132 

131 

130 

127 

127 

I29 

130 

128 

11 

12 

[133]  [133]  [133]  [134]  [i34]  [133] 

[132]  [130]  [128] 

[128]  [126]  ['l27] 

13 

133 

132 

133 

134 

134 

132 

130 

128 

126 

128 

129 

130 

14 

131 

129 

132 

129 

129 

127 

125 

121 

121 

121 

122 

125 

15 

128 

130 

129 

135 

131 

131 

131 

125 

125 

125 

124 

127 

16 

[128]  [128]  [128]  [128]  [127]  [126] 

[124]  [122]  [119] 

[118]  [Il6]  [117] 

17 

I29 

128 

129 

131 

130 

131 

132 

129  . 

124 

121 

116 

117 

18 

128 

127 

131- 

129 

129 

130 

130 

129 

126 

126 

124 

123 

19 

I29 

I29 

129 

130 

129 

129 

125 

121 

117 

120 

119 

119 

20 

132 

133 

133 

134 

i34 

133 

131 

127 

126 

130 

128 

126 

21 

131 

130 

130 

130 

131 

130 

126 

124 

124 

125 

126 

126 

22 

127 

128 

129 

131 

130 

131 

128 

122 

124 

122 

125 

121 

23 

129 

13° 

125 

132 

i33 

132 

133 

132 

128 

127 

127 

128 

24 

1 16* 

1 21* 

126 

129 

132 

135 

i34 

135 

1 3i 

131 

130 

131 

25 

125 

1 16* 

129 

129 

130 

129 

129 

127 

125 

125 

124 

129 

26 

I3° 

I32 

132 

132 

132 

132 

129 

130 

125 

124 

125 

125 

27 

128 

131 

133 

133 

135 

135 

134 

130 

128 

127 

127 

129 

28 

I3I 

132 

132 

131 

i34 

138 

13 1 

129 

126 

128 

120 

1 14* 

29 

142* 

I29 

130 

125 

129 

130 

128 

126 

125 

123 

120 

126 

3° 

135 

132 

130 

129 

129 

13 1 

129 

131 

124 

117 

118 

124 

3i 

131 

133 

131 

131 

132 

131 

130 

129 

129 

[129]  [128]  [128] 

Monthly  ^ 
mean  $ 

130*3 

I30-5 

I3!-o 

131-9 

131*8 

131*1 

129-6  127-9  125-9 

I25-4  I24-2 

1251 

Normal 

129-9  1307  130-6 

I31’4 

1314 

1314 

129-7 

127-4 

1260 

I25-8  I24-8 

1255 
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magnetometer  of  the  Los  Angeles  Magnetic  Observatory . 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

OCTOBER,  1882. 


I3h 

I4h 

i5h 

i6h 

I7h 

i8h 

I9h 

20h 

2Ih 

22h 

23h 

Mid- 

night. 

Daily 

mean. 

Daily 

range. 

127 

129 

131 

130 

129 

129 

129 

I29 

128 

125 

123 

127 

[129*3] 

1 2d 

122 

1 16 

1 14* 

ru2*i 

no* 

118* 

114* 

123 

132 

125 

125 

125* 

[1205] 

77(f) 

128 

125 

129 

129 

133 

134 

133 

132 

127 

127 

12-9 

135 

129*5 

10 

13^ 

127 

132 

133 

135 

137* 

137 

137 

I36 

I36 

135 

142* 

133*0 

20 

II9 

125 

1 3i 

130 

125 

125 

hi* 

93* 

123 

IO9* 

1 16* 

137 

130*2 

59 

1 21 

123 

123 

126 

128 

130 

130 

130 

130 

1 31 

131 

1 31 

127*7 

32 

1 21 

129 

129 

128 

130 

132 

133 

133 

132 

133 

132 

132 

131*2 

14 

130 

132 

I31 

[128] 

[128]  [130]  [130]  [ 

I1 29]  [129]  [i32]| 

[•3°] 

CI32] 

[130-1] 

[9] 

[127]  [127] 

[129] 

[128] 

128 

128 

128 

128 

131 

131 

131 

136 

[130*1] 

[10] 

130 

131 

130 

130 

[>3°] 

131 

131 

132 

131 

131 

131 

131 

[130*8] 

12 

128 

129 

125 

121 

1 18* 

122 

13 1 

124 

125 

I29 

130 

136 

126*3 

18 

127 

128 

129 

129 

[129]  [129]  [130]  | 

>8]  [127]  [ 

>29]  [127] 

[128] 

[128*4] 

11 

[1 16]  [ 1 1 6]  | 

[ii7*][n6*] 

1 1 5* 

121 

1 18* 

1 18* 

120 

134 

129 

137 

[122*4] 

22(?) 

121 

121 

124 

LI23] 

123 

124 

127 

128 

I29 

I29 

129 

131 

[126*1] 

23 

122 

122 

123 

124 

127 

129 

129 

128 

128 

I29 

128 

128 

127*0 

II 

122 

124 

127 

129 

129 

129 

130 

130 

13* 

131 

131 

131 

126*7 

15 

127 

118 

129 

129 

130 

131 

132 

131 

131 

131 

130 

130 

129*8 

l6 

127 

128 

128 

128 

128 

128 

130 

128 

126 

I29 

128 

126 

127*8 

8 

116 

1 17 

120 

1 13* 

120 

122 

123 

120 

123 

130 

130 

127 

1 24- 1 

19 

128 

128 

129 

128 

129 

129 

130 

131 

117* 

150* 

1 19* 

120* 

128*9 

41 

134* 

136* 

137* 

137* 

i33 

134 

135 

137 

123 

I24 

120 

iiS* 

129*8 

3i 

130 

124 

127 

126 

127 

125 

124 

126 

I29 

133 

137 

132 

127*4 

17 

122 

124 

125 

126 

126 

127 

128 

129 

128 

I29 

130 

123 

127*7 

16 

126 

127 

129 

129 

123 

119 

130 

121 

1 1 2* 

131 

123 

128 

127*9 

35 

1 15* 

116 

119 

1 13* , 

1 14* 

121 

122 

1 18* 

127 

122 

125 

126 

124*3 

28 

124 

122 

127 

125 

124 

127 

131 

131 

128 

I29 

I29 

130 

127*5 

24 

127 

127 

128 

130 

131 

129 

129 

129 

I29 

129 

130 

130 

128*2 

21 

[128]  [127]  | 

[129] 

128 

128 

128 

129 

129 

130 

128 

128 

130 

[129*3] 

6 

124*9 

124*9 

126*8 

126*0 

126*1 

127*4 

128*0 

126*9 

127*2 

129-5 

128*1 

129*9 

127*93 

124*9 

124-5 

127*3 

1277 

128*0 

127*4 

129*6 

128*9 

128*2 

129*5 

128*9 

130*4 
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DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0*000109  in  parts  of  H.  All 

NOVEMBER,  1882. 


[For  tbe  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

I* 

2h 

3h 

4b 

5h 

6b 

7h 

8b 

9b 

IOh 

nh  Noon. 

1 

128 

130 

132 

131 

131 

129 

130 

127 

126 

125 

123 

124 

2 

132 

131 

132 

130 

128 

129 

130 

126 

124 

124 

125 

125 

3 

128 

131. 

133 

130 

131 

128 

127 

124 

121 

117 

ii7 

1 21 

4 

130 

130 

126 

130 

130 

130 

129 

126 

125 

126 

126 

127 

5 

132 

132 

133 

132 

133 

132 

132 

129 

125 

122 

121 

122 

6 

128 

129 

129 

131 

132 

134 

1 33 

128 

124 

Il8 

123 

124 

7 

136 

131 

130 

129 

130 

132 

132 

123 

124 

II9 

124 

122 

8 

127 

128 

131 

130 

129 

1 3i 

130 

127 

127 

127 

126 

126 

9 

126 

127 

130 

131 

i34 

13 1 

127 

126 

124 

Il8 

119 

122 

10 

131 

131 

131 

132 

132 

132 

130 

130 

125 

126 

123 

124 

11 

134 

134 

133 

134 

134 

133 

131 

129 

126 

124 

124 

128 

12 

109* 

133 

122 

123 

133 

130 

126 

120 

124 

114 

108* 

IO9* 

13 

109* 

1 13* 

121 

1 13* 

134 

1 15* 

105* 

117 

99* 

IO4* 

98* 

108* 

H 

120 

120 

121 

121 

122 

123 

1 13* 

1 14* 

1 12* 

no* 

104* 

113 

15 

109* 

115* 

122 

122 

129 

128 

131 

127 

1 15* 

ii5 

114 

Il6 

16 

131 

126 

125 

130 

126 

128 

129 

127 

124 

125 

126 

123 

17 

127 

126 

148* 

91* 

96* 

93* 

93* 

90* 

80* 

86* 

89* 

89* 

18 

93* 

94 

115* 

87* 

93* 

98* 

100* 

96* 

99* 

92* 

69* 

95* 

19 

1 12* 

1 1 1 

117* 

117* 

1 17* 

IOI* 

104* 

105* 

108* 

ns 

118 

113 

20 

123 

81 

66* 

88* 

80* 

103* 

83* 

89* 

86* 

78* 

81* 

83* 

21 

108* 

108 

109* 

hi* 

no* 

1 12* 

1 12* 

90* 

73* 

79* 

78* 

81* 

22 

1 1 2* 

”3 

1 14* 

1 14* 

”5* 

ns* 

1 14* 

1 12* 

hi* 

109* 

108* 

109* 

23 

1 17* 

118 

121 

1 18* 

1 18* 

1 17* 

122 

117 

1 17 

in* 

no* 

109* 

24 

120 

121 

122 

122 

121 

123 

123 

123 

125 

122 

119 

121 

25 

123 

123 

123 

125 

125 

125 

122 

126 

125 

98* 

107* 

121 

26 

120 

120 

120 

121 

121 

121 

125 

1 15* 

125 

125 

121 

118 

27 

125 

123 

126 

125 

124 

124 

125 

122 

122 

119 

118 

117 

28 

130 

129 

127 

126 

129 

128 

130 

128 

130 

122 

”9 

121 

29 

[131]  1 

[131] 

[133] 

[131]  [ 

:*32]  1 

[131] 

[130]  [127]  1 

[1,25] 

122 

119 

121 

30 

125 

131 

134 

133 

:34 

•35 

135 

1 33 

132 

130 

126 

123 

Monthly ) 
mean  5 

122*5 

122*3 

124*2 

121*9 

123*4 

123*0 

121*8 

119*1 

n6*8 

114*1 

112*8 

115*2 

Normal 

127*6 

128*0 

127*4 

128*1 

129*3 

129*0 

128*6 

125-5 

CO 

c* 

121*7 

121*6 

121*5 
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magnetometer  of  the  Los  Angeles  Magnetic  Observatory . 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

NOVEMBER,  1882. 


♦ 


I3h 

14b 

*5h 

i6h 

17b 

1 8b 

19b 

20h 

2Ih 

22h 

23b 

Mid- 

night. 

Daily 

mean. 

Daily 

range. 

125 

123 

128 

129 

130 

13* 

*35 

*35 

* 33 

132 

132 

*35 

129*3 

14* 

125 

125 

128 

127 

139* 

*35 

143* 

132 

*34 

128 

128 

128 

129-5 

24 

125 

127 

126 

127 

,128 

127 

130 

130 

130 

129 

129 

129 

126-9 

*7 

129 

128 

129 

130 

131 

132 

*33 

133 

*33 

*34 

*3* 

*3* 

129-5 

10 

116 

124 

126 

128 

125 

124 

125 

129 

129 

128 

130 

128 

127-4 

17 

126 

127 

126 

129 

126 

129 

130 

129 

128 

129 

132 

131 

128-1 

*7 

120 

121 

124 

126 

129 

129 

129 

128 

129 

*3* 

129 

130 

127-4 

17 

123 

124 

126 

128 

127 

127 

127 

126 

128 

129 

1284 

129 

127-5 

9 

126 

123 

1 17 

119 

128 

129 

129 

129 

129 

129 

130 

130 

126-4 

*7 

126 

126 

126 

131 

132 

132 

132 

133 

*33 

132 

132 

*33 

129-8 

11 

126 

127 

I2Q 

144* 

144* 

136 

*33 

131 

*33 

128  , 

147* 

116* 

i31‘6 

33 

106* 

105* 

98* 

98* 

94* 

88* 

107* 

104* 

84* 

89* 

85* 

125 

109-8 

61 

IO3* 

IOI* 

98* 

1 13* 

1 1 8* 

115* 

1 1 5* 

108* 

in* 

116* 

122 

127 

1 1 1-8 

47 

Il8 

125 

127 

,130 

133 

130 

130 

134 

122 

122 

116* 

130 

121*2 

38 

117 

122 

126 

124 

129 

129 

*3* 

128 

128 

127 

125 

125 

123.2 

25 

124 

1 21 

126 

123 

130 

138 

128 

126 

127 

127 

125 

126 

126-7 

26 

96* 

98* 

80* 

57* 

33* 

18* 

41* 

6* 

85* 

42* 

61* 

88* 

797 

144 

91* 

76* 

78* 

95* 

98*  104* 

113* 

no* 

103* 

108* 

107* 

109* 

96-8 

56 

115 

117 

Il8 

1 16* 

98* 

48* 

70* 

63* 

53* 

63* 

55* 

52* 

96-1 

90 

95* 

91* 

80* 

82* 

94* 

98* 

105* 

IOI* 

105* 

106* 

107* 

108* 

92-2 

89 

86* 

8l* 

92* 

99* 

hi* 

114* 

113* 

112* 

in* 

115* 

117* 

116* 

ioi*6 

47 

no* 

1 12* 

1 14* 

1 17* 

1 17* 

116* 

120 

117* 

117* 

117* 

122 

117* 

II4-3 

16 

ii5 

Il8 

120 

120 

1 16* 

118* 

119 

119* 

1 19* 

123 

118 

118* 

117-4 

15 

121 

121 

124 

122 

113* 

115* 

120 

120* 

118* 

118* 

119 

119* 

120-5 

*3 

120 

12 1 

117 

98* 

no* 

113* 

114* 

120* 

117* 

118* 

122 

120* 

n8-o 

32 

“7 

119 

121 

121 

120* 

120* 

120 

132 

125 

125 

124 

136 

122-2 

21 

119 

123 

125 

128 

129 

128 

127 

129 

129 

127 

125 

126 

124-4 

*3 

122 

126 

129 

130 

130 

127 

127 

126 

126 

128  [129]  [131] 

[127-13 

*3(?) 

128 

130 

133 

134 

134 

*33 

*33 

*33 

*3* 

129 

127 

*33 

[i29-6] 

*5(?) 

122 

121 

129 

133 

134 

132 

128 

126 

127 

125 

130 

130 

129-5 

*5 

116-4  ii6-8  117-3 

118-6  119-3  II7'2 

120-2  118-4  H9‘2 

118-5  119-5  *21-9 

II918 

i22-o  123-4  125-2 

127-0129-7  130-4 

127-9  *30*: 

1 129-2 

128-: 

1 126-8  129-6 

118 


U.  S.  COAST  AND  GEODETIC  SURVEY, 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  Mfilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0-000109  in  parts  of  H.  All 

DECEMBER,  1882. 

[For  th#  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

Ih 

2b 

3h 

4h 

5h 

7® 

8^ 

9h 

IOb 

nb 

Noon. 

1 

129 

130 

129 

131 

131 

130 

130 

131 

130 

125 

122 

122 

2 

128 

128 

128 

129 

129 

130 

130 

131 

134 

131 

130 

128 

3 

129 

129 

130 

130 

131 

132 

133 

132 

I30 

130 

126 

125 

4 

130 

125 

128 

129 

131 

129 

135 

135 

125 

132 

128 

128 

5 

129 

130 

130 

130 

131 

133 

134 

133 

I30 

123 

122 

123 

6 

132 

132 

131 

132 

132 

133 

134 

134 

133 

132 

130 

127 

7 

132 

133 

133 

133 

i33 

134 

135 

136 

J33 

132 

129 

129 

8 

133 

133 

*133 

134 

i34 

134 

134 

134 

1 33 

[133]  1 

[133] 

135* 

9 

133 

132 

132 

134 

i35 

134 

134 

136 

133 

134 

136 

1 33 

10 

133 

134 

135 

133 

135 

136 

135 

136 

J34 

133 

133 

130 

11 

136 

137 

134 

133 

i34 

135 

137 

136 

131 

130 

130 

128 

12 

129 

I29 

136 

132 

1 31 

132 

132 

130 

128 

128 

127 

128 

13 

134 

134 

134 

135 

i35 

1 33 

134 

133 

131 

127 

123 

123 

14 

135 

136 

136 

137 

i37 

137 

138 

137 

135 

*30 

127 

129 

*5 

136 

137 

142* 

141 

142* 

140 

141 

140 

139 

137 

131 

128 

16 

121 

1 16* 

120* 

1 17* 

120* 

121* 

122* 

128 

130 

132 

126 

118 

17 

128 

130 

130 

132 

i34 

133 

134 

132 

131 

126 

124 

123 

18 

130 

130 

130 

132 

132 

132 

132 

132 

132 

130 

127 

125 

19 

122 

I29 

128 

128 

128 

129 

130 

132 

133 

130 

124 

121 

20 

127 

132 

130 

135 

i34 

141 

147* 

148* 

143* 

128 

115* 

1 16* 

21 

125 

1 14* 

125 

120* 

1 17* 

123* 

124* 

122* 

126 

122 

108* 

109* 

22 

129 

127 

130 

126 

128 

128 

127 

I2t5 

131 

127 

124 

120 

23 

130 

128 

129 

132 

129 

1 3i 

133, 

130 

128 

123 

1 16* 

11 7 

24 

131 

133 

132 

130 

1 31 

128 

131 

135 

134 

127 

122 

123 

25 

131 

132 

132 

133 

i34 

131 

131 

132 

135 

133 

128 

125 

26 

132 

133 

133 

1 33 

*33 

134 

137 

138 

139 

136 

132 

132 

27 

131 

133 

132 

133 

134 

134 

135 

135 

136 

133 

127 

126 

28 

127 

I29 

129 

131 

[132]  [133] 

[ 1 34]  I 

[J35]  [i35] 

132 

130 

128 

• 29 

126 

128 

129 

135 

132 

136 

136 

138 

143* 

139 

136 

128 

30 

131 

132 

133 

133 

1-35 

136 

137 

138 

139 

128 

127 

130 

3i 

129 

131 

133 

133 

135 

132 

135 

136 

136 

132 

126 

125 

Monthly) 
mean  $ 

129-9 

I30-2 

131-2 

131-5 

131-9 

132-4 

133*6 

133-9 

133-2 

1302 

126-4 

125*2 

Normal 

129-9 

I3!-2 

I3!-2 

132-4 

132-5 

1331 

133-9 

133-8 

132-6 

130-2 

127-9 

125*8 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory . 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

DECEMBER,  1882. 


1 3h 

I4h 

*5h 

1 6b 

i7u 

1 8b 

19b 

2Gh 

2Ih 

22h 

23b 

Mid- 

night. 

Daily 

mean. 

Daily 

range. 

123 

126 

127 

1 18* 

122* 

126 

126 

128 

128 

125 

126 

127 

126-7 

I4d 

126 

127 

128 

128 

128 

125 

126 

127 

127 

129 

128 

*33 

*28-7 

10 

127 

128 

130 

131 

130 

131 

131 

128 

132 

130 

129 

*35 

130-0 

1 1 

"9 

122 

123 

125 

129 

130 

129 

130 

I29 

I29 

129 

129 

1281 

19 

122 

125 

127 

130 

130 

132 

133 

132 

132 

132 

132 

*33 

129-5 

13 

128 

130 

130 

131 

131 

131 

131 

133 

134 

134 

*33 

132 

131-7 

8 

126 

130 

132 

134 

134 

134 

133 

133 

133 

133 

132 

132 

132-4 

10 

135* 

135 

i34 

134 

136 

136 

13b 

136 

132 

128 

128 

132 

[I33-5] 

10 

129 

123 

126 

130 

133 

131 

130 

130 

131 

132 

*33 

*33 

132-0 

10 

131 

132 

i35 

137 

137 

136 

132 

129 

133 

1 32 

140* 

*35 

I34'° 

13 

128 

130 

131 

124 

130 

128 

129 

127 

127 

125 

129 

129 

130-7 

21 

129 

130 

132 

I36 

136 

134 

134 

133 

133 

I32 

*33 

*34 

1316 

10 

127 

131 

i34 

I36 

136 

136 

134 

134 

133 

134 

*34 

*34 

*32-5 

13 

132 

135 

138 

138 

138 

138 

137 

137 

I36 

135 

136 

*35 

*35*4 

11 

127 

134 

*37 

153* 

138 

126 

126 

124 

129 

127 

125 

130 

134-6 

37 

1 16* 

128 

133 

135 

133 

133 

136 

130 

131 

132 

130 

129 

126-5 

25 

125 

127 

130  , 

133 

134 

133 

128 

127 

126 

I29 

130 

130 

129-5 

13 

124 

121 

126 

120* 

133 

131 

127 

1 16* 

1 16* 

141* 

115* 

1 16* 

127-1 

35 

121 

123 

126 

127 

130 

129 

130 

128 

I29 

130 

127 

132 

127-8 

18 

120 

1 16* 

104* 

102* 

95* 

104* 

1 12* 

102* 

IO3* 

105* 

*3* 

119* 

1 2 1 "2 

61 

1 16* 

1 18* 

122 

123 

120* 

126 

124 

124 

134 

126 

124 

128 

I2I-7 

27 

118 

121 

124 

123 

128 

126 

125 

I23 

I27 

I29 

125 

*3* 

126-0 

14 

118 

125 

126 

131 

132 

131 

I32 

130 

I30 

129 

*3* 

*33 

128-1 

1 7 

124 

129 

132 

133 

132 

131 

131 

130 

130 

13* 

130 

*34 

130-2 

14 

126 

128 

132 

132 

134 

133 

I32 

133 

131 

132 

*3* 

132 

131-4 

11 

132 

134 

136 

I42* 

142* 

137 

134 

133 

I29 

*31 

132 

130 

134-3 

14 

T3r 

135 

i33 

1 33 

131 

123 

123 

126 

I27 

125 

122 

124 

130-1 

15 

129 

130 

131 

132 

132 

128 

128 

I24 

123 

130 

128 

129 

[130-0] 

n(?) 

129 

132 

130 

123 

129 

132 

133 

I30 

I29 

130 

130 

132 

131-9 

21 

128 

132 

131 

125 

130 

132 

131 

131 

128 

129 

129 

130 

*31-5 

16 

124 

125 

129 

1 3i 

132 

132 

I32 

130 

133 

*34 

132 

130 

131-1 

13 

125-5 

127-8 

129-3 

129-9 

130-8 

130-2 

129-8 

I28-3 

I28-9 

129-7 

*29-5 

130-4 

1 30-00 

125-8 

128-6 

I3Q-1 

130-5 

I32'4 

131-0 

I30-4 

.129-7 

I30*2 

130-1 

129-6 

*3^3 

120 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 


[Local  mean  time.  200  divisions  phis  tabular  quantity,  one  division  = 0-000109  in  parts  of  H.  All 

JANUARY,  1883. 

[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

1“ 

2h 

3h 

4h 

5h 

6b 

7h 

8b 

9b 

IOh 

lib 

Noon. 

1 

133 

133 

x34 

x34 

x33 

137 

x37 

x34 

x33 

128 

121 

1 18* 

2 

132 

133 

133 

1 34 

x34 

x35 

136 

136 

x33 

126 

I24 

127 

3 

132 

130 

135 

x36 

136 

136 

136 

x38 

x37 

x34 

I29 

129 

4 

136 

136 

136 

x37 

x39 

x38 

x39 

140 

x37 

X3X 

x30 

130 

5 

132 

134 

135 

136 

x37 

x39 

140 

x39 

x38 

x35 

I36 

136 

6 

133 

137 

x34 

x38 

136 

141 

144 

142 

x37 

132 

x35 

X3X 

7 

X3X 

136 

140 

x37 

136 

136 

136 

x37 

x35 

X3X 

128 

130 

8 

128 

132 

x37 

x37 

132 

x37 

x39 

x35 

x33 

x3o 

126 

132 

9 

136 

133 

x34 

x34 

x35 

x35 

x33 

132 

132 

x 3° 

125 

128 

10 

136 

136 

136 

136 

x37 

x37 

x35 

x34 

X3X 

129 

130 

132 

1 1 

133 

133 

132 

132 

132 

132 

X3X 

130 

129 

126 

126 

129 

12 

137 

x38 

136 

x37 

x3§ 

x38 

x37 

x35 

X3X 

127 

1 3° 

x33 

13 

138 

x38 

x38 

x38 

x39 

x39 

x38 

136 

136 

X3X 

X3X 

130 

14 

134 

136 

136 

x37 

x38 

x38 

x38 

x38 

x35 

130 

126 

124 

15 

138 

138 

x38 

x38 

x39 

x39 

x38 

136 

X3X 

127 

128 

x34 

16 

135 

135 

x35 

x37 

136 

x38 

x38 

x38 

136 

X3X 

126 

128 

17 

138 

138 

x37 

x38 

x39 

1 38 

141 

x33 

x37 

x34 

129 

127 

18 

142 

135 

x33 

x34 

x34 

x35 

138 

x38 

x35 

132 

121 

127 

19 

138 

138 

x38 

x38 

x39 

x39 

x39 

x38 

x33 

X3X 

128 

128 

20 

134 

132 

x33 

x34 

136 

136 

.136 

x34 

x35 

x35 

128 

127 

21 

134 

134 

x33 

x34 

140 

x37 

137 

140 

141 

x38 

X3X 

X3X 

22 

139 

138 

x 39 

x43 

141 

140 

141 

x39 

x36 

x34 

132 

x33 

23 

140 

139 

x37 

x38 

x39 

140 

140 

x39 

x38 

x33 

129 

129 

24 

[138]  [138]  [139] 

[x39]  [ 1 39]  [140] 

[140]  [139]  [138] 

x34 

125 

132 

25 

137 

137 

x37 

x38 

x38 

x35 

x37 

x35 

x38 

-X3X 

1 16* 

1 18* 

26 

130 

127 

x37 

X3X 

x33 

x37 

x38 

136 

x38 

127 

1 19 

121  . 

27 

135 

134 

x34 

x35 

136 

136 

x37 

136 

x35 

132 

128 

128 

28 

134 

134 

x34 

x35 

x3  5 

x35 

136 

x38 

x 39 

x38 

x34 

A 33 

29 

136 

135 

136 

136 

136 

136 

x35 

x35 

x35 

X3X 

126 

122 

30 

137 

136 

x37 

x38 

x38 

x38 

x38 

x38 

x37 

x34 

130 

128 

3i 

132 

132 

136 

x38 

136 

x38 

x38 

x38 

x 39 

x35 

130 

126 

Monthly  > 
mean  y 

I35‘i 

i35-o 

135-8 

136-4  136-6 

x37-3 

137-6  136-6 

x35'4 

X3X"5 

127-6 

128.4 

Normal 

1351 

135-0 

1358 

136-4 

136-6 

x37-3 

137-6 

136-6 

x35’4 

X3X"5 

128-0 

129-1 
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HORIZONTAL  INTENSITY  -Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasng  force.] 

JANUARY,  1883. 


i3h 

14b 

*5h 

1 6b 

1711 

1 8^ 

19b 

2011 

2Ih 

22h 

23b 

Mid- 

night. 

Daily 

mean. 

Daily 

range. 

122 

127 

130 

132 

130 

130 

*3* 

*3* 

I32 

I32 

132 

132 

130-7 

I9d 

127 

128 

130 

*3* 

*33 

*34 

*34 

135 

*34 

*34 

*34 

*35 

132-2 

12 

130 

131 

*33 

136 

137 

*37 

138 

136 

136 

136 

136 

136 

134-6 

10 

132 

134 

*34 

*34 

*34 

*33 

130 

*3* 

*3* 

*33 

132 

*3* 

I34-I 

11 

*3* 

135 

*39 

*39 

*33 

*33 

*35 

*33 

*34 

*34 

130 

132 

*35*2 

14 

130 

135 

*37 

136 

136 

*34 

136 

*35 

132 

*3* 

126 

129 

* 34*9 

18 

132 

*3* 

*33 

132 

130 

*33 

*3* 

130 

127 

132 

140 

129 

i33-o 

*7 

*3* 

132 

132 

*3* 

*3* 

*33 

*33 

132 

*33 

130 

132 

*3* 

*32-5 

14 

129 

134 

*34 

136 

136 

*37 

*37 

137 

136 

*35 

136 

*35 

*33-7 

10 

134 

135 

*39 

136 

*33 

*3* 

129 

130 

*3* 

*33 

*34 

*33 

133-6 

11 

132 

135 

136 

*38 

138 

138 

138 

138 

138 

*38 

*38 

*39 

*33-8 

*3 

134 

135 

136 

*35 

136 

*38 

138 

138 

*38 

138 

138 

138 

*35-8 

12 

*3* 

133 

*35 

*37 

*37 

138 

*39 

*39 

*38 

*37 

*39 

*35 

136-3 

10 

130 

132 

136 

*39 

*39 

140 

140 

*39 

*39 

138 

138 

*39 

*35-8 

16 

136 

141 

*37 

136 

*35 

*33 

132 

*34 

*34 

*34 

*34 

136 

*35-2 

16 

134 

139 

141 

*43 

*37 

*37 

138 

138 

136 

*34 

140 

*39 

136-2 

*7 

130 

135 

137 

*33 

*35 

136 

136 

*34 

132 

127 

*33 

132 

*34-5 

*5 

*3* 

132 

136 

137 

136 

*34 

136 

*37 

*37 

136 

136 

136 

*34-5 

21 

130 

134 

*37 

138 

138 

*38 

138 

138 

136 

136 

*37 

*35 

*35-9 

11 

129 

130 

130 

129 

130 

132 

132 

*33 

130 

*3* 

*3* 

132 

132-0 

12 

133 

134 

*34 

136 

138 

*38 

138 

*39 

138 

138 

*37 

*38 

136-3 

12 

130 

132 

*35 

138 

*39 

140 

*39 

138 

*39 

138 

*39 

138 

*37-5 

*3 

133 

138 

*39 

*39 

*39 

138 

*37 

136 

136 

*37  [138] [138] 

[137-0] 

11 

137 

137 

138 

*37 

*35 

*33 

*37 

136 

136 

*37 

136 

*33 

[*36-4] 

[*5] 

1 19* 

127 

* 33. 

*35 

*34 

130 

*3* 

126 

122* 

122* 

132 

128 

130-7 

28 

123 

133 

130 

130 

132 

*34 

*33 

127 

129 

*3* 

*33 

*33 

130-9 

32 

130 

13* 

*33 

*3* 

128 

*3* 

*3* 

*3* 

128 

128 

128 

132 

132-0 

12 

134 

*35 

*34 

132 

*34 

136 

*33 

*3* 

*34 

*34 

*34 

*34 

134-6 

9 

122 

*34 

132 

*3* 

*35 

136 

*37 

*35 

*34 

*35 

*34 

136 

*33-3 

16 

128 

129 

129 

132 

*33 

*35 

136 

*34 

*34 

*34 

*33 

136 

*34*3 

11 

127 

*33 

*33 

*35 

*33 

*35 

*35 

136 

*34 

*35 

136 

136 

*34-4 

15 

130-0  133-3  *34‘6 
130-4133-3  134-6 

135-0  134-6  135-0 
135-0  134-61  35-0 

*35'*  *34-4  133-8 
135-1  134-4  134-2 

*33-8  134-7  134-4 
134-2  134-7  134-4 

I34-25 

122 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES — • 

Hourly  readings  from  the  photographic  traces  of  the  hifllar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0*000109  in  parts  of  H.  All 

FEBRUARY,  1883. 

[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

lb 

2h 

3b 

4h 

5b 

6^ 

7h 

8b 

9b 

IOh 

1 1 b 

Noon. 

1 

136 

138 

140 

138 

140 

142 

142 

144 

I42 

128 

134 

134 

2 

125* 

143 

134 

130 

132 

129 

137 

128 

I29 

1 16* 

I24 

125 

3 

I27 

126* 

1281 

130 

131 

130 

135 

134 

128 

I23* 

120* 

124 

4 

1 31 

1 31 

132 

1 3i 

i35 

134 

134 

134 

135 

122* 

1 18* 

119 

5 

135 

134 

135 

133 

133 

134 

134 

134 

I29 

133 

132 

132 

6 

132 

132 

133 

134 

136 

135 

136 

131 

122* 

126 

134 

134 

7 

134 

134 

134 

135 

133 

135 

136 

135 

133 

131 

128 

128 

8 

134 

134 

135 

135 

135 

137 

135 

132 

I30 

132 

131 

132 

9 

136 

I36 

136 

136 

136 

136 

137 

135 

133 

I29 

127 

130 

0 

135 

135 

*35  . 

136 

136 

139 

142 

141 

138 

133 

131 

132 

139 

137 

137 

138 

139 

141 

139 

139 

134 

128 

126 

129 

12 

138 

138 

138 

138 

140 

140 

136 

133 

131 

128 

125 

127 

13 

140 

I4I 

141 

141 

142 

141 

141 

140 

137 

132 

130 

134 

H 

134 

137 

i39 

140 

141 

144 

142 

145 

I4O 

135 

135 

134 

15 

135 

135 

136 

' 137 

137 

139 

139 

140 

140 

135 

134 

135 

16 

138 

138 

138 

139 

140 

140 

138  « 

‘143 

147* 

145* 

141 

136 

17 

135 

137 

138 

138 

140 

139 

141 

140 

138 

138 

137 

133 

18 

135 

137 

137 

135 

139 

140 

139 

139 

139 

I40 

139 

136 

19 

136 

136 

137 

138 

i37 

137 

138 

140 

139 

I4O 

138 

134 

20 

158* 

I36 

137 

139 

140 

H3 

141 

138 

138 

I36 

136 

135 

21 

139 

I36 

138 

137 

138 

138 

139 

140 

141 

141 

I40 

140 

22 

132 

138 

137 

138 

135 

139 

138 

137 

130 

133 

I29 

127 

23 

132 

124* 

130 

133 

132 

132 

134 

135 

131 

130 

128 

124 

24 

135 

135 

140 

137 

i37 

144 

141 

136 

I46* 

143* 

139 

132 

25 

in* 

1 12* 

123* 

124* 

129 

126* 

127* 

126* 

128 

1 31 

131 

131 

26 

129 

130 

130 

132 

132 

132 

132 

132 

130 

127 

I29 

129 

27 

139 

132 

134 

135 

136 

134 

140 

133 

137 

1 19* 

125 

124 

28 

134 

135 

129 

139 

i34 

133 

134 

132 

I42 

I4O 

128 

130 

Monthly^ 
mean  $ 

134-4 

134*2 

i35-o 

135-6 

136*2 

136*9 

137-4 

136-3 

135*3 

I3I-9 

I31*0 

130*7 

Normal 

134*8 

Wi 

do 

135-5 

136*0 

136-2 

137-3 

137*8 

136*7 

134-9 

133-0 

132-0 

131-1 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

FEBRUARY,  1883. 


!3h 

1411 

r5b 

i6h 

i7h 

18“ 

i9h 

20b  ' 

2Ib 

22h 

23h 

Mid- 

night. 

Daily 

mean. 

Daily 

range. 

1 18* 

122* 

128 

128 

128 

128 

1 16* 

120* 

123* 

120* 

124* 

122* 

130-6 

36d 

1 19* 

121* 

117* 

121* 

115* 

129 

130 

I30 

I29 

126  » 

143* 

125 

127-4 

33 

125 

127 

127 

129 

132 

133 

128 

128 

132 

130 

I3I 

144* 

129-2 

3i 

121* 

125 

128 

128 

128 

130 

126 

130 

130 

I29 

i34 

132 

129-0 

26 

131 

128 

129 

134 

132 

126 

131 

128 

128 

130 

130 

131 

I3i'5 

12 

125 

132 

132 

131 

132 

133 

133 

132 

132 

132 

133 

134 

131-9 

14 

130 

131 

132 

132 

133 

134 

134 

133 

134 

134 

134 

134 

132-9 

9 

135 

135 

i35 

135 

134 

133 

133 

134 

135 

133 

134 

136 

I33-9 

8 

134 

135 

137 

137 

136 

134 

135 

133 

133 

132 

133 

135 

134-2 

10 

134 

136 

i35 

138 

139 

138 

137 

137 

I36 

136 

135 

139 

136-4 

12 

134 

136 

i39 

139 

138 

140 

139 

138 

137 

138 

138 

138 

136-7 

15 

132 

136 

136 

138 

138 

139 

139 

139 

139 

139 

i39 

140 

136-1 

16 

134 

136 

i37 

138 

140 

139 

139 

138 

I4I 

141 

140 

135 

138-2 

13 

136 

137 

132 

132 

133 

135 

129 

I29 

133 

133 

133 

135 

136-0 

22 

139 

141 

141 

135 

133 

135 

133 

132 

133 

134 

135 

136 

136-2 

10 

138 

139 

138 

137 

136 

137 

138 

138 

137 

I36 

135 

137 

138-7 

12 

131 

129 

124 

124 

128 

133 

135 

135 

135 

136 

i35 

136 

134-8 

19 

131 

134 

140 

139 

138 

137 

138 

133 

I32 

133 

135 

136 

136-7 

16 

132 

135 

i37 

137 

135 

136 

138 

138 

139 

139 

i39 

136 

137-1 

10 

134 

135 

i34 

135 

135 

136 

137 

137 

137 

137 

i35  4 

136 

1 37-7 

27 

137 

130 

128 

122* 

127 

127 

130 

I29 

126 

128 

131 

130 

133-8 

19 

128 

123* 

1 1 5* 

1 13* 

115* 

112* 

126 

I29 

I29 

127 

130 

132 

128-8 

45 

1 18* 

126 

129 

127 

132 

133 

134 

132 

132 

133 

i37 

135 

130*5 

19 

1 19* 

1 13* 

129 

128 

105* 

98* 

84* 

IOI* 

107* 

108* 

115* 

108* 

124-2 

78 

130 

132 

130 

129 

131 

129 

128 

132 

125 

126, 

126 

136 

127-3 

32 

130 

133 

132 

129 

131 

130 

131 

132 

132 

131 

130 

129 

130-6 

7 

119 * 

119* 

126 

102* 

121* 

123* 

126 

125 

125 

128 

i35 

123* 

127-5 

4i 

128 

120* 

128 

128 

124 

127 

126 

121* 

123* 

131 

127 

131 

130-2 

22 

129-4 

130-2 

131-2 

130-2 

130-3 

130-9 

130-5 

I30-8 

I31*2 

1314 

1332 

132-9 

132-80 

132-2 

I33*i 

132-4 

132-8 

i33-o 

133-2 

132-8 

I32-8 

132-8 

132-8 

I33-9 

134*3 

124 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES-- 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0*000109  in  parts  of  H.  All 

MARCH,  1 883. 


[For  tlie  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

ih 

2h 

3h 

4h 

5h 

6b 

7h 

8b 

9b 

IOh 

lib 

Noon. 

! 

131 

I29 

134 

131 

136 

136 

133 

136 

136 

131 

122* 

126 

2 

135 

127* 

130, 

134 

i33 

136 

131 

130 

I3S 

I32 

133- 

131 

3 

136 

133 

133 

133 

i34 

134 

133 

135 

134 

136  | 

[J35]  1 

_I34] 

4 

135 

137  ' 

136 

136 

136 

136 

134 

131 

133 

I32 

128 

129 

5 

133 

135 

136 

139 

i37 

136 

136 

137 

137 

138 

138 

137 

6 

138 

138 

138 

138 

i39 

139 

139 

141 

143 

I44 

148* 

144* 

7 

132 

139 

136 

135 

i35 

138 

134 

134 

136 

I46* 

143 

138 

8 

130 

132 

133 

135 

138 

135 

139 

138 

135 

137 

139 

133 

9 

135 

134 

135 

135 

i33 

136 

136 

132 

130 

1 31 

133 

137 

10 

136 

I36 

137 

137 

i37 

136 

136 

135 

135 

135 

133 

132 

1 1 

140 

I40 

140 

139 

141 

141 

139 

139 

I40 

I40 

138 

136 

12 

142 

143 

143 

144 

144 

142 

141 

142  - 

143 

141 

136 

133 

13 

128 

128* 

137 

136 

i39 

134 

131 

131 

133 

131 

129 

129 

14 

134 

133 

137 

142 

141 

138 

138 

138 

138 

138 

140 

137 

15 

139 

137 

138 

138 

138 

139 

141 

141  • 

I4I 

138 

l33 

132 

16 

138 

139 

139 

141 

141 

141 

140 

137 

135 

136 

136 

136 

17 

140 

142 

141 

142 

142 

142 

141 

140 

140 

138 

136 

135 

18 

141 

I4I 

143 

142 

i43 

142 

141 

I40 

142 

143 

141 

138 

19 

142 

I42 

142 

142 

142 

143 

143 

143 

139 

142 

140 

*38 

20 

141 

145 

i45 

H5 

i45 

144 

H3 

I40 

136 

139 

141 

141 

21 

137 

I40 

138 

140 

i43 

142 

I4I 

141 

139 

138 

133 

128 

22 

131 

126* 

128* 

1 33 

136 

139 

132 

133 

131 

12  7 

123* 

128 

23 

137 

138 

138 

140 

140 

141 

136 

138 

132 

131 

130 

129 

24 

139 

I40 

140 

140 

i39 

139 

138 

136 

132 

,I3I 

130 

130 

25 

140 

14 1 

141 

141 

141 

140 

138 

139 

138 

138 

135 

132 

26 

141 

141 

143 

136 

139 

137 

139 

138 

135 

133 

134 

136 

27 

127 

I36 

133 

130 

129 

135 

134 

I29 

1 18* 

1 14" 

121* 

123* 

28 

135 

133 

135 

136 

136 

135 

I3I 

13° 

128 

<121* 

127 

124* 

29 

134 

139 

134 

141 

133 

134 

136 

130 

128 

134 

133 

131 

30 

139 

I40 

140 

140 

139 

140 

139 

I36 

136 

137 

135 

136 

3i 

140 

143 

143 

142 

142 

141 

139 

135 

135 

132 

133 

135 

Monthly ) 
mean  £ 

136-3 

137*0 

1376 

138-2 

138-4 

Co 

OO 

137-2 

I36-3 

I3S-3 

135-0 

134-0 

133-2 

Normal 

136-3 

138-1 

137*9 

138-2 

138*4 

I38-4 

137-2 

I36-3 

135-8 

135-8 

134*9 

133-5 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory . 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

MARCH,  1883. 


I3h 

I4h 

I5h 

1 6*1 

I7k 

i8h 

19k 

20h 

2Ih 

22h 

23k 

Mid- 

night. 

Daily 

mean. 

Daily 

range. 

130 

132 

130 

130 

132 

126 

134 

I24* 

122* 

129 

131 

136 

130-7 

20d 

123* 

127 

128 

128 

127 

123* 

121* 

122* 

123* 

13°. 

127 

126* 

129-2 

21 

C 1 34] [ 1 35] [ 1 36] 

[>37]  [137] 

135 

135 

135 

133 

136 

135 

131 

[134-5] 

[11] 

128 

129 

130 

132 

132 

130 

132 

128 

I29 

I29 

135 

135 

132-2 

10 

136 

135 

135 

134 

137 

138 

138 

137 

137 

138 

138 

138 

136-7 

6 

144* 

149* 

148* 

144 

I 31 

138 

136 

134 

134 

132 

131 

140 

139-6 

19 

141 

H3 

140 

139 

137 

134 

132 

128 

126* 

I24* 

127 

128* 

135-2 

26 

128 

127 

i35 

137 

133 

128 

127 

125* 

I36 

1 31 

135 

135 

133-4 

20 

137 

137 

136 

134 

134 

133 

133 

134 

135 

135 

136 

135 

134-4 

9 

131 

130 

135 

138 

138 

138 

139 

138 

138 

135 

138 

139 

135*9 

9 

138 

139 

141 

142 

142 

140 

140 

140 

I42 

141 

141 

140 

140-0 

7 

135 

130 

i39 

138 

138 

137 

138 

138 

134 

133 

121* 

1 19* 

137-2 

25 

131 

133 

i34 

133 

133 

132 

133 

132 

134 

134 

132 

130 

1324 

26 

136 

134 

i35 

135 

136 

135 

135 

133 

135 

134 

136 

140 

136-6 

10 

133 

135 

1 37 

137 

138 

137 

138 

139 

139 

I38 

137 

137 

137-5 

10 

137 

138 

140 

140 

140 

140 

139 

141 

141 

I40 

I40 

142 

139-0 

7 

133 

134 

137 

137 

134 

139 

140 

140 

137 

I40 

I40 

141 

138-8 

10 

137 

139 

139 

139 

139 

140 

142 

I42 

I42 

141 

141 

142 

140-8 

6 

140 

143 

144 

144 

144 

144 

144 

143 

I44 

I44 

I44 

145 

142-6 

8 

142 

143 

146* 

147* 

147* 

148* 

149* 

150* 

143 

I42 

138 

135 

I43-I 

17 

128 

132 

124* 

128 

132 

125* 

121* 

122* 

122* 

125* 

127 

140 

132-8 

26 

129 

I3I 

136 

134 

137 

131 

131 

134 

134 

142 

H3 

135 

I32'7 

30 

132 

133 

134 

139 

138 

132 

1 33 

133 

132 

136 

142 

140 

135-6 

14 

132 

134 

134 

135 

136 

135 

133 

134 

137 

I40 

137 

139 

135-8 

12 

136 

139 

141 

142 

141 

140 

138 

I36 

I36 

139 

I36 

144 

138-8 

14 

130 

136 

124* 

124* 

1 19* 

122* 

1 14* 

IO9* 

124* 

132 

133 

134 

I3I-4 

39 

III* 

hi* 

115* 

127* 

129 

128 

132 

128 

128 

I29 

131 

145 

126-8 

38 

128 

132 

131 

136 

136 

124* 

134 

I29 

138 

I27* 

127 

132 

131-0 

25 

130 

135 

136 

137 

132 

130 

132 

138 

J39 

138 

139 

139 

134-7 

18 

136 

139 

141 

143 

142 

140 

137 

I40 

141 

I4I 

I42 

142 

139-2 

9 

136 

136 

137 

139 

140 

138 

139 

138 

139 

I40 

142 

140 

138-5 

12 

133  c 

» 134-5 

; 135-4 

I36-4 

135-8 

134-2 

134-5 

133-7 

134-6 

I35'3 

I35-5 

136-9 

i35-7o 

1337 

1348  1362 

I36-8 

136-0 

I35-3 

1357 

135-7 

136-8 

136-4 

136-0 

138-2 

126 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0-000109  in  parts  of  H.  All 

APRIL,  1883. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

ib 

2h 

3h 

4h 

5h 

6h 

7h 

8h 

9h 

IOh 

nh  Noon. 

j 

140 

143 

141 

142 

141 

141 

M3 

141 

140 

139 

138 

136 

2 

146 

141 

142 

143 

143 

143 

142 

140 

135 

138 

138 

138 

3 

147 

146 

144 

151 

129* 

123* 

124* 

109* 

106* 

no* 

1 17* 

1 19* 

4 

131* 

I29* 

129* 

130* 

130* 

129* 

125* 

124* 

122* 

1 1 7* 

122* 

124* 

5 

136 

I44 

137 

138 

140 

135 

136 

132 

129 

131 

127* 

125* 

6 

138 

139 

138 

138 

138 

137 

135 

131 

126* 

124* 

125* 

130 

7 

139 

I40 

140 

140 

142 

142 

141 

137 

132 

128 

1 3i 

133 

8 

138 

139 

*38 

139 

i39 

139 

139 

138 

139 

137 

137 

138 

9 

146 

145 

148 

147 

M5 

145 

145 

143 

137 

133 

134 

137 

10 

144 

I44 

146 

147 

148 

148 

148 

147 

142 

140 

141 

142 

11 

140 

143 

142 

142 

143 

143 

142 

139 

139 

140 

142 

140 

12 

144 

142 

142 

143 

145 

142 

140 

138 

138 

138 

140 

140 

13 

150 

146 

145 

144 

146 

146 

144 

141 

141 

138 

135 

140 

14 

142 

143 

143 

144 

i45 

144 

H3 

141 

142 

140 

137 

136 

15 

144 

146 

145 

145 

146 

148 

147 

146 

147* 

147* 

144 

143 

16 

149 

146 

146 

147 

147 

148 

147 

146 

142 

144 

141 

140 

17 

146 

145 

142 

145 

146 

146 

144 

138 

134 

134 

136 

139 

18 

144 

145 

140 

142 

i39 

142 

140 

142 

139 

136 

134 

134 

19 

146 

138 

137 

141 

137 

138 

136 

\38 

135 

132 

131 

132 

20 

144 

137 

136 

136 

138 

135 

134 

128* 

129 

130 

132 

136 

21 

139 

139 

138 

140 

140 

142 

142 

140 

135 

132 

131 

133 

22 

142 

142 

142 

139 

140 

142 

141 

138 

135 

134 

133 

134 

23 

143 

143 

144 

145 

i45 

146 

146 

144 

i43 

141 

139 

136 

24 

150 

150 

152* 

152* 

i55* 

156* 

161* 

164* 

165* 

151* 

149* 

145 

25 

131* 

I32* 

132* 

129* 

130* 

130* 

135 

131 

130 

126* 

125* 

128* 

26 

142 

138 

137 

137 

138 

136 

135 

136 

128* 

i34 

138 

137 

27 

140 

I40 

143 

138 

136 

139 

138 

138 

136 

133 

132 

135 

28 

139 

139 

139 

140 

140 

141 

141 

142 

142 

144 

146* 

145 

29 

143 

141 

142 

140 

141 

143 

144 

145 

144 

143 

142 

141 

30 

143 

143 

144 

143 

146 

147 

145 

140 

141 

143 

139. 

138 

Monthly  ^ 
mean  $ 
Normal 

1422 

I4I-6 

141-1 

141-6 

141-3 

141-2 

140-8 

138-6 

136-4 

135-2 

135-2 

1358 

143-0 

I42  4 I415 

142-1 

142-1 

142-2 

141-2 

1397 

137-5 

136-7 

136-7  137-6 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory . 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

APRIL,  1883. 


I3h 

i4h 

I5h 

i6h 

i7h 

i8h 

I9h 

20h 

2Ih 

22h 

h Mid- 
23  night. 

Daily 

mean. 

Daily 

range. 

134 

133 

i35 

139 

138 

141 

140 

I40 

142 

143 

140 

139 

139*5 

nd 

136 

138 

138 

137 

136 

137 

141 

143 

I44 

141 

140 

144 

140-2 

11 

115* 

97* 

99* 

1 12* 

117* 

1 19* 

122* 

128* 

122* 

124* 

123* 

130* 

122-2 

73 

130 

130 

130* 

135 

133 

133 

135 

135 

134 

13* 

139 

140 

I30-2 

32 

128* 

128* 

131* 

135 

i35 

137 

132 

I32* 

137 

135 

145 

139 

I3A3 

20 

133 

137 

140 

141 

138 

138 

138 

139 

139 

139 

138 

139 

135-8 

18 

i35 

138 

140 

139 

i39 

139 

140 

142 

143 

139 

139 

137 

138-1 

17 

138 

140 

140 

138 

141 

140 

142 

I42 

143 

I44 

145 

145 

r39’9 

8 

139 

136 

139 

i39 

140 

139 

138 

138 

I40 

143 

143 

144 

141-0 

16 

144 

142 

143 

143 

140 

142 

141 

141 

I42 

139 

140 

138 

143*1 

10 

142 

143 

143 

145 

i45 

145 

142 

I42 

142 

143 

147 

142 

142-3 

8 

141 

140 

143 

145 

146 

147 

146 

147 

146 

I46 

147 

144 

142:9 

10 

143 

142 

141 

142 

i39 

140 

142 

142 

142 

141 

142 

143 

142-3 

15 

138 

139 

142 

145 

i45 

144 

143 

I44 

145 

144 

144 

144 

142-4 

9 

142 

143 

M3 

140 

140 

141 

144 

I44 

143 

I44 

146 

146 

I4A3 

9 

142 

146 

149 

149 

148 

145 

146 

146 

145 

141 

144 

144 

145-3 

9 

142 

144 

147 

147 

146 

145 

146 

I46 

145 

147 

147 

147 

I43-5 

14 

130 

135 

140 

142 

136 

135 

138 

131* 

134 

133 

126* 

135 

137-2 

27 

125* 

125* 

127* 

122* 

1 18* 

1 1 5* 

hi* 

1 21* 

137 

I30* 

135 

132 

. i3°-8 

35 

i33 

137 

137 

137 

i37 

134 

134 

136 

137 

138 

138 

138 

135-4 

i7 

137 

139 

142 

142 

141 

142 

141 

141 

141 

142 

142 

142 

I39-3 

12 

i37 

139 

141 

143 

142 

140 

141 

143 

143 

143 

143 

143 

140-0 

10 

140 

143 

146 

147 

147 

146 

147 

147 

147 

148 

150 

151* 

144-8 

16 

i34 

113* 

124* 

109* 

109* 

107* 

1 15* 

1 18* 

123* 

127* 

123* 

129* 

136-7 

60 

i33 

134 

124* 

138 

136 

131 

129* 

137 

I40 

145 

136 

135 

1324 

24 

i35 

134 

134 

131* 

131 

134 

132 

139 

135 

I40 

144 

138 

136-0 

17 

136 

135 

141 

141 

139 

138 

138 

141 

141 

H3 

142 

141 

138-5 

12 

i43 

143 

144 

142 

139 

140 

140 

I40 

141 

141 

141 

143 

I4I-5 

7 

140 

140 

139 

139 

140 

142 

143 

143 

142 

142 

143 

142 

141-8 

7 

140 

138 

139 

142 

141 

141 

142 

I4I 

I40 

I32* 

139 

140 

141-1 

16 

136-2 

5135-5 

r I37'4 

138-2 

J 137-4  137*2 

I37< 

3 139-0  139-8 

139-8 

; 140-4 

140.5 

I38-75 

137-7  138-8  141-1 

141-2 

j i39-c 

) i39'9 

140-' 

5 I4I'( 

3 141-1 

I4I-6 

> 142-2 

140-9 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0-000109  in  parts  of  H.  All 

MAY,  1883. 


[For  tlie  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

I* 

2h 

3h 

4h 

5h 

6h 

7h 

8b 

9h 

IOh 

nh 

Noon. 

1 

140 

137 

138 

140 

i37 

139 

i37 

135 

V 

136 

137 

140 

142 

2 

139 

139 

140 

141 

142 

144 

140 

142 

143 

142 

139 

138 

3 

143 

147 

144 

H3 

144 

145 

145 

143 

141 

141 

141 

145 

4 

142 

I44 

144 

142 

142 

142 

142 

140 

142 

144 

145 

146 

5 

143 

143 

144 

144 

144 

H5 

146 

141 

137 

138 

139 

141 

6 

143 

143 

144 

144 

149 

148 

147 

144 

142 

144 

144 

145 

7 

144 

145 

H5 

143 

i45 

i45 

143 

139 

138 

140 

144 

145 

8 

147 

I48 

148 

145 

146 

147 

145 

139 

139 

141 

142 

142 

9 

144 

I44 

144 

143 

144 

i45 

142 

144 

139 

141 

141 

140 

10 

145 

I46 

146 

146 

i45 

146 

145 

143 

142 

145 

142 

142 

n 

146 

147 

146 

146 

146 

147 

144 

143 

144 

144 

147 

146 

12 

146 

I46 

H7 

146 

H7 

i47 

i45 

146 

149 

148 

148 

149 

13 

149 

I49 

148 

147 

149 

i47 

144 

138 

142 

147 

149 

150 

14 

143 

143 

142 

143 

i45 

144 

i45 

142 

142 

143 

i43 

143 

15 

147 

I46 

144 

144 

145 

i47 

145 

141 

143 

145 

145 

145 

16 

143 

145 

145 

148 

151 

148 

144 

138 

145 

144 

150 

151 

17 

148 

151 

149 

151 

151 

i53 

151 

140 

140 

143 

146 

151 

18 

145 

145 

145 

147 

146 

H5 

141 

140 

142 

148 

149 

147 

19 

146 

147 

145 

145 

144 

148 

147 

146 

146 

142 

139 

141 

20 

145 

I46 

144 

144 

i45 

146 

146 

145 

146 

150 

145 

144 

21 

134* 

126* 

137 

136 

136 

135* 

144 

136 

134 

133 

128* 

128* 

22 

141 

137 

136 

138 

136 

138 

137 

136 

133 

134 

138 

140 

23 

139 

138 

139 

139 

139 

140 

141 

136 

135 

135 

136 

139 

24 

144 

142 

142 

140 

141 

i43 

i45 

143 

139 

137 

136 

141 

25 

141 

142 

141 

140 

142 

141 

140 

137 

136 

137 

136 

138 

26 

143 

142 

142 

H3 

143 

142 

141 

135 

137 

139 

137 

139 

27 

144 

I44 

144 

144 

144 

145 

i45 

144 

142 

142 

139 

139 

28 

144 

143 

142 

142 

144 

i43 

144 

141 

140 

142 

143 

141 

29 

144 

139 

140 

140 

141 

140 

137 

142 

140 

141 

141 

143 

30 

145 

I46 

145 

142 

144 

144 

143 

141 

142 

143 

146 

149 

31 

142 

M3 

143 

143 

143 

141 

139 

137 

136 

139 

142 

146 

Monthly? 
mean  $ 

MS'S 

; 143-3 

i43'3 

143-2 

143-9 

144-2 

143-2 

140-5 

140-4 

141-6 

1419 

143*1 

Normal 

H3'* 

* "43’9 

H3-3 

143-2 

I43-9 

I44-5 

143-2 

140-5 

140-4 

1416 

142-4 

143-6 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

MAY,  1883. 


I3h 

I4h 

i5h 

i6h 

i7h 

1 8*1 

19b 

20h 

2Ih 

22h 

23h 

Mid- 

night. 

Daily 

mean. 

Daily 

range. 

139 

138 

i39 

135 

135 

130* 

129* 

130* 

138 

139 

140 

149 

1375 

20d 

139 

140 

140 

141 

140 

142 

142 

I42 

141 

142 

142 

143 

1410 

6 

147 

147 

146 

144 

141 

141 

142 

143 

139 

I40 

142 

141 

H3-I 

9 

I46 

146 

143 

142 

139 

142 

143 

I44 

142 

143 

143 

142 

142-9 

7 

144 

144 

143 

141 

141 

138 

138 

141 

141 

I48 

140 

143 

1420 

11 

I44 

142 

142 

T43 

H3 

142 

*43 

141 

141 

I44 

146 

144 

I43'8 

9 

147 

145 

145 

145 

143 

143 

143 

143 

145 

I48 

147 

147 

144-0 

10 

141 

144 

139 

139 

142 

143 

144 

142 

143 

142 

141 

148 

143-2 

14 

142 

143 

143 

144 

142 

143 

143 

141 

143 

I44 

144 

145 

142-8 

7 

145 

148 

149 

147 

146 

142 

142 

I44 

T45 

145 

146 

146 

144-9 

8' 

145 

146 

147 

147 

144 

144 

145 

145 

144 

I44 

145 

146 

145-3 

6 

147 

146 

144 

H5 

145 

145 

145 

I46 

146 

I46 

148 

149 

I46-5 

4 

149 

147 

145 

146 

145 

141 

141 

143 

138 

I40 

142 

141 

144-9 

10 

143 

143 

144 

144 

146 

146 

145 

145 

144 

I44 

144 

144 

144-0 

5 

147 

148 

149 

150 

148 

147 

150 

147 

150 

I49 

148 

144 

146-4 

10 

150 

148 

146 

145 

142 

145 

146 

145 

146 

I46 

148 

148 

146-1 

i5 

150 

149 

147 

141 

135 

137 

143 

142 

142 

145 

142 

145 

I45'5 

20 

I44 

141 

141 

140 

142 

143 

146 

145 

146 

141 

139 

146 

143*9 

10 

143 

143 

144 

142 

142 

141 

140 

141 

141 

142 

143 

143  ’ 

143-4 

11 

145 

147 

142 

139 

130* 

123* 

no* 

I IO* 

1 1 1* 

I29* 

134 

137 

137-6 

46 

122* 

124* 

135 

134 

130* 

123* 

130* 

131* 

135 

136 

133* 

149 

132-9 

34 

134* 

138 

132* 

132* 

129* 

133 

136 

143 

131* 

137 

142 

141 

136-3 

22 

143 

143 

145 

139 

136 

137 

139 

I4O 

141 

I4I 

141 

141 

139-2 

9 

143 

147 

144 

137 

136 

135 

138 

I40 

140 

139 

143 

143 

140-7 

H 

142 

143 

141 

142 

144 

144 

143 

I4O 

140 

I42 

142 

148 

140-9 

13 

142 

138 

140 

138 

139 

137 

138 

142 

144 

I40 

142 

141 

140-2 

10 

137 

139 

139 

138 

137 

138 

140 

140 

144 

142 

141 

142 

141-4 

15 

141 

138 

137 

136 

139 

138 

140 

140 

142 

139 

139 

140 

140-8 

IO 

143 

145 

142 

142 

143 

142 

143 

143 

143 

142 

143 

145 

141-8 

9 

147 

143 

141 

142 

143 

142 

141 

I42 

140 

138 

132* 

137 

142-4 

17 

00 

149 

145 

143 

141 

140 

140 

142 

141 

145 

144 

143 

1423 

15 

143- 2  143-3  I42'5 

144- 2  143-9  H2-9 

141-4140-3  139-6 
141-7  141-4  141-1 

140-3  140-7  140-9 
142-1  142-6  142-2 

I42-0  I42-I 
142-4  I42-8 

143-9 

143-9 

142-18 

H.  Ex.  43,  pt.  3— 9 
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U.  S.  COAST  AND  GEODETIC  SURVEY, 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0-000109  in  parts  of  H.  All 

JUNE,  1883. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

Ih 

2b 

3h 

4h 

5b 

6^ 

7h 

8b 

9b 

IOh 

lib 

Noon. 

j 

145 

I46 

144 

146 

144 

146 

143 

139 

139 

140 

I48 

147 

2 

144 

I40 

141 

141 

143 

144 

134 

139 

125* 

135 

143 

141 

3 

135 

141 

136 

136 

138 

138 

136 

137 

141 

143 

I44 

146 

4 

140 

142 

143 

143 

142 

143 

140 

140 

142 

144 

I44 

146 

5 

144 

I44 

144 

144 

145 

145 

143 

141 

146 

149 

I49 

150 

6 

149 

l6l* 

148 

149 

141 

141 

142 

143 

146 

147 

*43 

141 

7 

141 

I4I 

141 

141 

141 

142 

141 

139 

140 

142 

143 

140 

8 

144 

I44 

H3 

144 

i43 

144 

146 

142 

142 

[I44] 

145 

142 

9 

142 

HI 

140 

143 

142 

143 

142 

142 

146 

148 

149 

150 

10 

145 

145 

145 

145 

145 

143 

140 

141 

144 

148 

150 

153* 

1 1 

142 

142 

143 

143 

H5 

146 

144 

145 

151* 

155* 

156* 

155* 

12 

150 

149 

149 

148 

147 

149 

150 

150* 

151* 

154* 

158* 

156* 

13 

144 

143 

144 

144 

i47 

148 

148 

147 

151* 

150 

149 

148 

14 

146 

I46 

147 

146 

147 

H7 

146 

140 

139 

141 

143 

143 

15 

148 

I48 

147 

147 

148 

149 

145 

141 

144 

146 

146 

148 

16 

146 

145 

144 

149 

i47 

147 

144 

139 

138 

141 

146 

150 

17 

143 

148 

144 

152 

i45 

145 

142 

138 

139 

140 

149 

154* 

18 

144 

154* 

140 

140 

140 

138 

135 

132 

128* 

128* 

135 

138 

19 

139 

141 

143 

141 

141 

139 

138 

135 

134 

137 

147 

143 

20 

142 

143 

141 

143 

r43 

145 

142 

140 

137 

138 

139 

138 

21 

142 

142 

141 

142 

142 

144 

141 

138 

137 

136 

133* 

133* 

22 

154* 

152 

151 

146 

149 

151 

151* 

145 

142 

' 145 

148 

158* 

23 

138 

I44 

144 

142 

144 

138 

138 

133 

134 

138 

135 

132* 

24 

140 

141 

140 

140 

141 

139 

136 

133 

132 

132* 

135 

135 

25 

142 

141 

142 

142 

H3 

142 

142 

140 

134 

136 

134* 

139 

26 

148 

141 

140 

141 

143 

143 

139 

137 

141 

145 

142 

142 

27 

H3 

151 

145 

146 

145 

139 

138 

133 

133 

137 

132* 

126* 

28 

136 

136 

136 

137 

135 

134* 

130* 

126* 

128* 

135 

133* 

133* 

29 

141 

139 

139 

140 

141 

140 

137 

139 

142 

146 

144 

143 

30 

138 

139 

139 

138 

141 

142 

141 

140 

124* 

123* 

134* 

140 

Monthly  > 
mean  \ 

143-2 

144-3 

142-8 

143-3 

143-3 

I43-I 

141*1 

139-1 

139-0 

141-4 

143-2 

143-7 

Normal 

142-8 

H3'5 

142-8 

143*3 

143-3 

I43A 

141-2 

139-2 

139-6 

142-0 

144-2 

*43-5 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory . 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

JUNE,  1883. 


i3h 

I4h 

i5h 

1 6^ 

17b 

1 8b 

I9h 

20h 

2Ih 

22h 

23b 

Mid- 

night. 

Daily 

mean. 

Daily 

range. 

148 

147 

142 

139 

138 

136 

133 

137 

140 

I48 

141 

142 

142-4 

1 7 d 

140 

134 

135 

131 

130 

132 

132 

I40 

I40 

140 

140 

136 

137-5 

20 

142 

139 

146 

136 

134 

136 

138 

138 

I40 

I4I 

142 

142 

I39-4 

13 

145 

144 

140 

137 

138 

139 

141 

142 

142 

143 

144 

144 

142-0 

IO 

146 

143 

i43 

143 

143 

146 

147 

146 

145 

149 

151 

148 

145-6 

IO 

140 

142 

138 

131 

135 

134 

136 

H3 

I40 

I40 

141 

H5 

142-3 

34 

141 

142 

138 

138 

140 

141 

139 

139 

I4O 

I4I 

142 

143 

140-7 

6 

138 

141 

144 

141 

139 

143 

145 

142 

139 

141 

144 

146 

142-8 

9 

144 

144 

140 

140 

138 

138 

139 

142 

143 

145 

145 

145 

143-0 

12 

149 

147 

139 

141 

141 

143 

143 

142 

I42 

143 

144 

143 

144-2 

15 

151 

150 

151* 

145 

143 

142 

143 

145 

I46 

I46 

147 

148 

146-8 

15 

151 

147 

145 

143 

143 

143 

144 

144 

I44 

I44 

139 

142 

147-5 

16 

i47 

146 

146 

142 

141 

145 

144 

144 

147 

147 

148 

155* 

146-5 

14 

142 

144 

i43 

142 

141 

142 

143 

143 

145 

I46 

146 

147 

143-9 

10 

150 

149 

i47 

146 

143 

144 

147 

149 

147 

147 

146 

145 

146-5 

10 

153* 

157* 

152* 

148 

144 

140 

139 

*3} 

I36 

138 

138 

138 

143*9 

26 

i45 

146 

149 

137 

137 

139 

138 

140 

I40 

I48 

147 

141 

143-6 

19 

136 

139 

139 

126* 

138 

137 

132 

138 

136 

142 

147 

140 

137-6 

28 

142 

140 

142 

139 

135 

139 

140 

140 

142 

141 

140 

143 

140-0 

14 

136 

142 

142 

139 

136 

137 

136 

138 

138 

145 

140 

140 

140-0 

10 

139 

142 

144 

142 

142 

141 

142 

143 

143 

145 

145 

148 

1411 

16 

150 

150 

146 

138 

127* 

137 

129* 

136 

I30* 

I40 

144 

139 

144-1 

36 

138 

139 

136 

138 

134 

131 

134 

137 

138 

143 

138 

140 

137-8 

15 

140 

137 

138 

139 

137 

136 

140 

141 

141 

I4I 

140 

141 

138-1 

10 

143 

140 

140 

137 

134 

138 

140 

143 

142 

I42 

142 

146 

140-2 

13 

142 

142 

141 

141 

141 

140 

142 

146 

I46 

137 

139 

137 

I4I-5- 

13 

13°* 

137 

138 

136 

129* 

130 

123* 

132 

138 

133* 

135 

135 

136-0 

37 

J33* 

135 

136 

137 

137 

136 

137 

137 

138 

137 

141 

139 

I35-I 

15 

139 

136 

136 

138 

138 

137 

138 

138 

140 

I44 

138 

140 

I39-7 

14 

139 

135 

130* 

1 16* 

1 19* 

126* 

1 19* 

126* 

126* 

128* 

137 

134 

1322 

3i 

142-6 

' 142*5 

i4i-5 

Co 

op 

to 

137-2 

138-3 

138-1 

140-2 

! I40-5 

I42-2 

: 142-4 

142-4 

141-40 

I43-I 

142-0 

1 141-2 

139-4 

138-5 

co 

139-7 

140-7 

I4I-4 

I43'C 

> I42-4 

142-0 

132 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local mean  time.  200  divisions  plus  tabular  quantity,  one  division  + 0-000109  in  parts  of  H.  All 


JULY,  1883. 

[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

ih 

2h 

3b 

4h 

5h 

6h 

7h 

8h 

9b 

IOh 

nh  Noon. 

1 

133 

135 

135 

135 

137 

137 

132 

133 

129 

126* 

125* 

128* 

2 

130 

131 

130 

131 

1 3°* 

13 1 

129 

126* 

125* 

126* 

132 

138 

3 

137 

140 

136 

136 

137 

137' 

137 

135 

135 

135 

134 

135 

4 

136 

137 

136 

137 

136 

135 

132 

129 

128 

134 

135 

135 

5 

141 

136 

137 

137 

140 

138 

136 

135 

*3* 

128 

138 

138 

6 

141 

144 

144 

143 

143 

146 

145 

139 

135 

133 

137 

141 

7 

142 

145 

147 

147 

148 

151* 

152* 

144 

139 

139 

138 

H5 

8 

I5i* 

138 

140 

141 

140 

142 

136 

152* 

149* 

148* 

150* 

141 

9 

144 

141 

142 

143 

i45 

141 

140 

139 

140 

145 

147* 

143 

10 

140 

142 

135 

138 

142 

147 

141 

139 

136 

139 

142 

143 

11 

138 

139 

138 

138 

138 

139 

140 

141 

139 

141 

141 

144 

12 

136 

131 

133 

133 

135 

134 

132 

129 

130 

134 

134 

131 

13 

136 

136 

137 

134 

137 

140 

139 

140 

140 

137 

*3* 

129 

14 

143 

I4I 

147 

147 

148 

140 

140 

145 

142 

142 

137 

131 

15 

137 

137 

136 

136 

141 

144 

*47* 

138 

133 

140 

142 

144 

16 

t39 

I4I 

138 

138 

136 

136 

135 

132 

134 

132 

129 

131 

17 

137 

136 

134 

135 

i35 

138 

138 

134 

131 

132 

*3* 

130 

18 

156* 

152* 

140 

143 

i43 

146 

143 

140 

140 

132 

127 

127* 

19 

138 

I36 

135 

138 

137 

137 

136 

131 

130 

131 

129 

132 

20 

136 

137 

137 

136 

136 

136 

132 

132 

132 

130 

133 

140 

21 

139 

138 

139 

139 

138 

139 

135 

.130 

129 

*3* 

136 

139 

22 

141 

I4I 

M2 

141 

142 

142 

142 

139 

135 

137 

139 

141 

23 

146 

145 

143 

141 

142 

143 

143 

144 

144 

144 

142 

139 

24 

140 

*141 

142 

140 

142 

141 

140 

140 

139 

142 

146* 

147* 

25 

138 

I40 

I40 

139 

139 

138 

137 

133 

134 

137 

138 

141 

26 

143 

I42 

142 

144 

141 

142 

142 

141 

139 

139 

139 

140 

27 

134 

136 

I36 

135 

136 

136 

136 

132 

137 

141 

146* 

143 

28 

139 

139’ 

138 

140 

140 

140 

136 

136 

138 

141 

140 

137 

29 

138 

138 

139 

139 

i39 

141 

139 

136 

138 

139 

139 

139 

30 

130 

132 

135 

138 

130* 

i3°* 

130 

135 

126* 

127* 

122* 

120* 

3i 

1 14* 

1 17* 

1 19* 

122* 

124* 

124* 

128* 

123* 

123* 

121* 

129 

129 

Monthly  ( 
mean  \ 

138-5 

138-2 

137-8 

138-2 

138-6 

139-1 

137-7 

136-2 

134-8 

135-6 

136-4 

136-8 

Normal 

138-3 

138-4 

I38-4 

I38'7 

i39'7 

139-5 

i37'3 

136-5 

135-4 

1367 

135-7 

1377 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory , 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

JULY,  1883. 


i3h 

14b 

I5h 

1 6b 

17b 

18b 

19b 

20h 

2Ih 

22b 

23b 

Mid- 

night. 

Daily 

mean. 

Daily 

range. 

129* 

128* 

126* 

129 

1 21* 

1 16* 

1 19* 

117* 

1 21* 

122* 

129 

132 

128-1 

23  d 

139 

143 

138 

135 

133 

131 

i37 

135 

137 

137 

138 

139 

133*4 

20 

130- 

137 

i37 

136 

132 

134 

130 

134 

137 

138 

i35 

136 

135*7 

n 

135 

133 

129 

133 

134 

137 

136 

137 

139 

I36 

137 

136 

134*7 

10 

137 

137 

139 

133 

130 

128 

130 

134 

135 

135 

136 

140 

135*4 

15 

144 

142 

140 

140 

140 

140 

138 

143 

145 

145 

150* 

145 

i4i*7 

20 

143 

142 

141 

143 

I44 

143 

144 

I46* 

144 

I42 

i35 

130 

I43*i 

25 

144 

144 

140 

136 

140 

146* 

140 

HI 

I42 

HI 

i39 

140 

142*5 

32 

142 

143 

141 

140 

139 

144 

132 

130 

131 

141 

137 

133 

1 40- 1 

18 

142 

136 

i37 

138 

134 

115* 

128 

132 

136 

137 

135 

139 

137-2 

47 

147 

147* 

H3 

136 

122* 

1 19* 

131 

124* 

121* 

131 

130 

136 

136-0 

37 

132 

131 

130 

131 

132 

134 

136 

138 

135 

138 

i39 

137 

133*5 

12 

1 33 

132 

135 

137 

136 

138 

138 

138 

138 

138 

137 

144 

136-7 

16 

128* 

127* 

126* 

131 

133 

134 

135 

135 

135 

135 

137 

139 

137*4 

24 

140 

136 

125* 

123* 

132 

136 

138 

137 

144 

137 

137 

136 

137*3 

32 

135 

133 

130 

133 

132 

131 

134 

I36 

137 

135 

138 

138 

134*7 

13 

133 

138 

142 

140 

137 

135 

137 

I36 

138 

138 

138 

136 

135*8 

12 

136 

138 

135 

134 

J35 

130 

128 

130 

134 

138 

141 

138 

137-8 

41 

131 

135 

137 

138 

135 

132 

131 

133 

135 

139 

136 

136 

134*5 

n 

143 

143 

144 

142 

137 

135 

136 

137 

139 

139 

i39 

139 

i37*i 

15 

141 

140 

135 

134 

*35 

137 

139 

I40 

141 

HI 

142 

142 

137*5 

14 

140 

140 

138 

136 

136 

143 

142 

142 

143 

142 

144 

145 

140*5 

12 

136 

136 

135 

135 

138 

143 

145* 

142 

HI 

I40 

141 

140 

141-2 

12 

142 

137 

130 

128 

133 

133 

136 

132 

134 

137 

134 

138 

138*1 

20 

143 

142 

140 

137 

135 

136 

136 

137 

137 

138 

141 

140 

138*2 

12 

138 

135 

127* 

128 

131 

134* 

134 

134 

132 

133 

145 

132 

137*4 

19 

140 

138 

138 

136 

136 

136 

138 

138 

I36 

138 

139 

138 

137*5 

15 

134 

132 

132 

134 

137 

138 

138 

137 

138 

138 

138 

138 

137*4 

IO 

137 

139 

137 

152* 

143 

15 1* 

138 

no* 

1 14* 

1 14* 

122* 

118* 

i35*o 

43 

1 16* 

1 19* 

1 16* 

1 16* 

109* 

115* 

108* 

1 18* 

"5* 

III* 

no* 

in* 

121-6 

36 

127* 

133 

1 18* 

115* 

11 3* 

1 13* 

1 16* 

129 

1 18* 

125* 

126* 

133 

122-5 

22 

1369 

136-6 

134-2 

134-2 

133*0 

133*5 

133*8 

133*9 

134-6 

135*5 

136*3 

136*3 

136-10 

138-6 

137-6 

137-0 

1353 

135*5 

135*9 

135*6 

136-0 

137-8 

138-0 

137*7 

137*8 

134 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES — 

Sourly  readings  from  the  photographic  traces  of  the  hi  filar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division =0-000109  in  parts  of  H.  All 

AUGUST,  1883. 

[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

ih 

2h 

3h 

4b. 

5h 

6h 

7h 

8h 

9h 

loh 

nh 

Noon. 

1 

132 

138 

132 

133 

i34 

135 

131 

124* 

125* 

134 

135 

138 

2 

129* 

131 

131 

129* 

130* 

130* 

129 

127 

125* 

124* 

123* 

123* 

3 

132 

132 

131 

130* 

132 

133 

Mi 

125 

123* 

122* 

123* 

124* 

4 

134 

137 

137 

137 

137 

138 

138 

136 

M3 

132 

129 

126* 

5 

141 

1.39 

140 

141 

144 

144 

142 

137 

135 

138 

136 

133 

6 

140 

I40 

139 

138 

135 

137 

133 

127 

128 

132 

129 

130 

7 

135 

137 

138 

137 

138 

136 

134 

129 

131 

Mi 

134 

138 

8 

134 

134 

135 

136 

136 

135 

132 

132 

1 33 

M3 

130 

128 

9 

137 

137 

138 

137 

137 

139 

137 

135 

139 

137 

137 

134 

10 

140 

139 

141 

145 

143 

147 

M5 

140 

138 

136 

135 

139 

11 

137 

140 

140 

138 

138 

140 

141 

136 

136 

139 

139 

139 

12 

141 

141 

141 

141 

140 

140 

137 

131 

134 

137 

141 

140 

*3 

141 

141 

141 

141 

140 

140 

138 

134 

130 

132 

135 

136 

H 

136 

135 

136 

138 

138 

136 

132 

128 

129 

133 

M3 

M3 

15 

144 

l6l* 

153* 

156* 

147 

149 

M3 

139 

140 

142 

140 

142 

16 

144 

144  | 

[143 

142 

142 

141 

138 

134 

133] 

134 

135 

139 

17 

144 

I44 

144 

143 

144 

146 

140 

134 

137 

140 

148* 

152* 

18 

148 

143 

143 

145 

144 

139 

135 

134 

139 

137 

136 

134 

19 

138 

138 

138 

137 

137 

139 

138 

136 

137 

136 

134 

135 

20 

140 

140 

139 

139 

139 

139 

136 

133 

129 

130 

134 

140 

21 

142 

142 

142 

144 

144 

143 

140 

136 

134 

136 

140 

140 

22 

142 

141 

142 

145 

145 

H5 

M3 

135 

132 

135 

136 

137 

23 

144 

I4I 

146 

144 

144 

145 

142 

142 

139 

137 

136 

M3 

24 

141 

H5 

144 

142 

142 

M3 

139 

135 

133 

136 

138 

141 

25 

142 

141 

141 

142 

142 

142 

138 

133 

132 

136 

135 

138 

26 

142 

142 

142 

142 

143 

M3 

140 

135 

131 

130 

M3 

136 

27 

142 

143 

144 

143 

i43 

M3 

139 

136 

140 

M9* 

M5 

138 

28 

144 

145 

145 

143 

M3 

M4 

146 

150* 

157* 

154* 

153* 

154* 

29 

142 

143 

143 

142 

142 

M4 

141 

136 

135 

136 

136 

134 

30 

M3 

143 

142 

144 

144 

146 

148* 

M9* 

150* 

148* 

146* 

Mi 

3i 

142 

143 

143 

H3 

143 

142 

138 

136 

140 

140 

144 

M7* 

Monthly  > 
mean  $ 

139-8 

I40-6 

140-5 

140-5 

140-3 

M°'7 

138-2 

134-6 

134-7 

136-0 

136-4 

1368 

Normal 

140-1 

I40-0 

140-0 

00 

§- 

140-7 

141*1 

137-9 

134-0 

I34-5 

135*3 

136-0 

i3I*6 
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HORIZONTAL  INTENSITY— Continued, 

i magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

! readings  referrod  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

AUGUST,  1883. 


I3h 

I4h 

i5h 

1 611 

.17k 

18*1 

I9h 

20*1 

2lh 

22h 

23k 

Mid- 

night. 

Daily 

mean. 

Daily 

range. 

133 

128* 

127* 

132 

122* 

130* 

117* 

124* 

124* 

124* 

133 

128* 

1297 

22d 

124* 

124* 

I2S* 

126* 

125* 

125* 

124* 

I3°* 

131 

132 

131 

132 

127-5 

10 

126* 

127* 

126* 

130 

133 

133 

134 

135 

134 

135 

134 

137 

I30"1 

16 

129 

133 

135 

138 

137 

138 

138 

138 

138 

140 

■4* 

140 

135-8 

16 

132 

133 

138 

138 

139 

139 

134  . 

134 

134 

135 

138 

145 

*37'9 

14 

127* 

126* 

125* 

130 

133 

131 

134 

135 

136 

138 

140 

135 

1333 

16 

137 

140 

136 

135 

i35 

122* 

1 14* 

I?5* 

1 33 

131 

131 

134 

1330 

27 

128* 

128* 

I3°* 

132 

133 

133 

134 

135 

136 

134 

136 

U38 

1331 

12 

133 

134 

135 

137 

138 

140 

141 

139 

140 

139 

140 

140 

137-5 

9 

142 

143 

140 

138 

137 

134 

138 

135 

133 

131 

138 

136 

138-9 

16 

135 

135 

135 

134 

135 

138 

137 

138 

Hi 

140 

140 

140 

138-0 

8 

138 

137 

136 

137 

138 

138 

140 

141 

142 

141 

141 

141 

138-9 

12 

133 

132 

136 

138 

138 

138 

137 

138 

136 

I36 

i35 

135 

136-7 

11 

134 

137 

131 

132 

129 

142 

143 

I44 

144 

144 

143 

145 

i36-5 

18 

141 

142 

142 

142 

142 

143 

144 

I44 

144 

I44 

144 

144 

144-7 

21 

143 

H3 

145 

143 

142 

144 

145 

145 

145 

145 

144 

145 

£141-6] 

[11] 

150* 

147 

143 

141 

141 

143 

143 

143 

145 

145 

150* 

146 

I4T9 

20 

133 

128* 

129* 

129 

126* 

125* 

134 

134 

133 

*38 

139 

138 

1360 

25 

138 

149* 

151* 

153* 

143 

143 

142 

HI 

143 

141 

143 

142 

140-5 

21 

144 

146 

146 

143 

142 

141 

141 

141 

141 

141 

141 

141 

139-4 

17 

141 

141 

M° 

138 

136 

138 

139 

I4O 

140 

142 

144 

143 

140-2 

12 

139 

135 

139 

136 

134 

142 

143 

143 

143 

142 

142 

142 

I39-9 

15 

142 

135 

138 

139 

135 

132 

137 

138 

142 

137 

139 

141 

139-5 

14 

141 

142 

141 

141 

141 

141 

140 

141 

141 

141 

140 

142 

140-5 

12 

139 

142 

142 

141 

140 

140 

142 

142 

143 

142 

142 

H3 

140-0 

11 

137 

138 

138 

138 

138. 

139 

141 

142 

142 

143 

143 

142 

139-2 

14 

141 

151* 

151* 

152* 

147* 

147 

145 

145 

144 

144 

143 

144 

144- 1 

16 

149* 

148* 

i47 

142 

140 

141 

142 

143 

143 

143 

143 

143 

145-9 

18 

136 

139 

144 

142 

143 

144 

142 

142 

143 

142 

140 

140 

140-5 

12 

139 

140 

138 

138 

140 

141 

14? 

142 

142 

143 

141 

142 

143-0 

14 

147* 

148* 

149* 

148*  143 

141 

142 

141 

140 

137 

i35 

139 

142- 1 

12 

i37‘i 

137*5 

137*8  138*0 
; 138-8 139-3 

138-2  136-9  137-6 
137-2  137-9  139-4 

137-7  138-7  139-2 
139-8  140-0  139-7 

I39-0  139-8 

I39-5  I39-5 

M IT) 

S-  I 

138-30 

136 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

tLocalmean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0-000109  in  parts  of  H.  All 

SEPTEMBER,  1883. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

lb 

2h 

3h 

4h 

5h 

6b 

7h 

8h 

9b 

IOh 

lib 

Noon. 

1 

I40 

I40 

140 

142 

144* 

142 

138 

131 

129 

130 

133 

136 

2 

I40 

143 

142 

141 

141 

143* 

141* 

138* 

139* 

144* 

143* 

143* 

3 

I44* 

143 

140 

142 

142* 

141 

139 

136* 

134 

134 

134 

137* 

4 

I42 

I40 

144 

142 

140 

141 

139 

i35* 

131 

134 

137* 

138* 

5 

136 

137 

139 

138 

138 

139 

139 

i35* 

137* 

H3* 

143* 

136 

6 

126 

130 

132 

137 

i33 

136 

136 

130 

1 3i 

133 

137* 

138* 

7 

I40 

141 

142 

142 

143* 

14+* 

139 

136* 

138* 

139* 

137* 

137* 

8 

139 

139 

140 

140 

140 

142 

142* 

i37* 

135* 

137* 

137* 

137* 

9 

I4I 

141 

141 

141 

142* 

142 

142* 

138* 

134 

131 

132 

133 

10 

145* 

137 

141 

141 

144* 

144* 

141* 

138* 

136* 

136* 

I36* 

138* 

11 

139 

139 

139 

140 

140 

139 

135 

132 

132 

135 

137* 

134 

12 

137 

138 

139 

139 

138 

139 

138 

136* 

134 

134 

134 

136 

13 

139 

138 

140 

140 

i37 

139 

133 

116 

127 

130 

132 

132 

14 

136 

137 

136 

136 

i37 

134 

127 

126 

126 

125 

127 

131 

15 

139 

138 

139 

139 

138 

136 

130 

125 

124 

126 

128 

131 

16 

IOO* 

108* 

89* 

1 10* 

IOI* 

103* 

97* 

98* 

95* 

IOI* 

97* 

105* 

17 

no* 

108* 

108* 

hi* 

107* 

1 14* 

1 14* 

1 15* 

1 13* 

1 13* 

1 12* 

1 13* 

18 

1 21* 

I 21* 

122* 

123* 

122* 

127 

1 19* 

122 

127 

121 

115* 

H7* 

l9 

I24* 

125* 

127 

127 

124 

125 

125 

122 

118 

1 16* 

1 16* 

117* 

20 

132 

13 1 

129 

128 

129 

128 

125 

121 

119 

120 

121 

120 

21 

130 

130 

132 

130 

130 

130 

126 

121 

117 

1 16* 

.118 

121 

22 

131 

130 

130 

130 

131 

131 

128 

124 

120 

117 

1 16* 

121 

23 

129 

130 

129 

130 

131 

133 

130 

131 

128 

125 

125 

122 

24 

128 

128 

128 

127 

128 

129 

128 

126 

122 

120 

118 

1 19* 

25 

125 

123* 

125* 

126* 

125 

127 

124 

123 

124 

122 

123 

125 

26 

1 2 1* 

123* 

124* 

124* 

124 

125 

122 

120 

1 16* 

1 16* 

118 

1 16* 

27 

127 

129 

128 

128 

128 

129 

124 

121 

119 

120 

120 

120 

28 

127 

I29 

127 

13 1 

13 1 

131 

129 

122 

122 

1 21 

120 

1 19* 

29 

127 

128 

128 

128 

129 

131 

130 

127 

128 

126 

124 

126 

30 

130 

*127 

132 

131 

130 

128 

123 

121 

118 

Il8 

116 

117 

Monthly) 
mean  $ 

I3I-S 

I317 

i3i-7 

132-8 

* 

132-2 

1331 

130-1 

126-8 

125-8 

126-1 

126-2 

127-2 

Normal 

I33-9 

I35-I 

135-4 

135-6 

132-8 

133-8 

130-7 

124*3 

125-6 

126-1 

125-4 

127-2 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

SEPTEMBER,  1883. 


I3h 

i4h 

i5h 

i6h 

i7h 

i8h 

19I1 

20h 

2Ih 

22h 

23h 

Mid- 

night. 

Daily 

mean. 

Daily 

range. 

139* 

136 

138 

136 

138 

140* 

139 

143* 

145* 

144* 

145* 

139* 

138-6 

I7d 

140* 

144* 

140 

137 

132 

132 

135 

133 

132 

I38* 

142* 

142* 

139*4 

20 

138* 

134 

141* 

142* 

145* 

142* 

141* 

143* 

142* 

I40* 

138 

137 

139*5 

12 

139* 

141* 

140 

138 

i34 

128 

126 

I32 

131 

130 

132 

I3i 

1360 

18 

13b 

136 

135 

130 

125 

130 

129 

126 

120* 

I24 

123 

123 

133*2 

25 

138* 

137 

i37 

13k 

134 

133 

135 

137 

137 

137 

137 

138 

134*8 

13 

135 

132 

136 

137 

138 

138 

138 

139 

138 

I39* 

139* 

140* 

1386 

12 

137* 

139* 

140 

141* 

138 

138 

139 

139 

139 

I40* 

141* 

141* 

139-0 

8 

134 

135 

140 

138 

139 

140* 

134 

143* 

I44* 

I40* 

142* 

141* 

138-7 

15 

140* 

140* 

i39 

138 

138 

138 

139 

139 

139 

I39* 

140* 

140* 

139*4 

10 

136 

140* 

142* 

143* 

141* 

140* 

142* 

I40 

137 

135 

147* 

135 

138*3 

17 

138*  140* 

138 

146* 

i44* 

142* 

143* 

132 

134 

I40* 

140* 

140* 

138-3 

17 

134 

129 

130 

133 

132 

134 

134 

135 

134 

134 

135 

135 

133*4 

25 

130 

130 

136 

139 

137 

137 

138 

139 

138 

I38* 

139* 

138 

134-0 

14 

133 

136 

141* 

137 

137 

139 

159* 

160* 

125 

83* 

96* 

98* 

130-7 

116 

112* 

128 

126 

121* 

1 1 7* 

83* 

99* 

84* 

90* 

87* 

92* 

105* 

102-0 

57 

1 1 2* 

1 15* 

1 16* 

1 16* 

117* 

120* 

1 19* 

1 19* 

120* 

120 

120* 

121 

II4-7 

18 

126 

127 

128 

124 

117* 

1 18* 

1 15* 

120* 

128 

I29 

124 

129 

122-6 

20 

122 

122 

124 

124 

121* 

122 

124 

127 

127 

128 

I29 

127 

I23-5 

14 

123 

126 

128 

128 

128 

128 

127 

127 

I29 

130 

130 

130 

I26-5 

13 

123 

128 

128 

129 

128 

129 

128 

130 

I29 

131 

128 

128 

I26-7 

1 7 

123 

125 

126 

127 

128 

128 

128 

121* 

126 

128 

I29 

129 

126-1 

16 

125 

130 

130 

130 

130 

130 

129 

I29 

124 

127 

128 

129 

I28-5 

13 

122 

121 

123 

117* 

1 14* 

1 16* 

118* 

1 14* 

1 1 7* 

1 1 6* 

120* 

121 

I217 

15 

127 

122 

1 18* 

120* 

1 18* 

120* 

1 16* 

1 18* 

1 12* 

III* 

1 15* 

115* 

121*0 

19 

123 

127 

125 

124 

123 

124. 

125 

126 

125 

126 

126 

128 

123-0 

12 

123 

124 

127 

126 

127 

128 

126 

127 

132 

132 

130 

127 

125-9 

14 

121 

124 

126 

125 

125 

126 

127 

127 

120* 

125 

126 

133 

I25-6 

15 

1 18* 

1 16* 

121* 

126 

123 

126 

122 

127 

126 

128 

128 

128 

125-9 

16 

120 

122 

124 

125 

125 

126 

128 

128 

129 

127 

130 

129 

I25-2 

16 

128-9  130*2  131*4 

131-1  1298  129-2 

130-1 

I30-I  129-0 

128-2 

129-7 

129-9 

129-70 

127-2  1287  131-8  131-2  131-4  130-7  131-0132-0131-3  128-9129-6129-8 
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DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0.000109  in  parts  of  H.  All 

OCTOBER,  1883. 

[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

1* 

2h 

3h 

4b 

5h 

6b 

7h 

8b 

9b 

IOb 

nh  Noon. 

1 

129 

129 

130 

130- 

130 

128 

124 

120 

121 

123 

123 

124 

2 

130 

130 

130 

130 

130 

130 

127 

122 

II9 

Il8 

120 

120 

3 

129 

130 

131 

130 

131 

131 

I29 

125 

I24 

124 

126 

127 

4 

129 

130 

130 

131 

130 

130 

I29 

128 

127 

127 

126 

126 

5 

128 

127 

1 3i 

129 

132 

129 

128 

IO5* 

107* 

IO4* 

109* 

III* 

6 

126 

122 

122 

123 

121 

123 

1 21 

1 16 

120 

120 

121 

124 

7 

124 

127 

128 

129 

126 

125 

125 

I24 

I23 

123 

123 

1 2 1 

8 

129 

128 

131 

131 

128 

128 

123 

122 

123 

124 

124 

126 

9 

128 

128 

130 

129 

129 

128 

125 

123 

I24 

125 

123 

124 

10 

129 

130 

131 

131 

130 

129 

128 

128 

125 

124 

121 

121 

11 

131 

*31 

132 

132 

132 

131 

129 

123 

1 19 

121 

119 

122 

12 

127 

128 

129 

129 

129 

128 

125 

120 

Il8 

I 17 

118 

120 

13 

127 

128 

128 

129 

127 

125 

1 2 1 

Il6 

114 

Il6 

119 

117 

14 

124 

126 

126 

126 

127 

124 

1 21 

1 17 

114 

114 

114 

Il6 

*5 

131 

128 

128 

129 

129 

124 

122 

III* 

IIO* 

1 1 2 

116 

“7 

l6 

120 

120 

125 

123 

124 

124 

123 

122 

129 

126 

119 

122 

17 

118 

119 

1 19* 

1 18* 

120 

120 

Il8 

Il6 

115 

114 

ii5 

114 

18 

122 

124 

126 

129 

125 

124 

120 

114 

III* 

1 1 2 

107* 

107* 

19 

127 

127 

128 

1 3i 

130 

130 

126 

121 

116 

Il6 

117 

1 1 2* 

20 

123 

124  * 

125 

124 

128 

I29 

128 

124 

122 

114 

112 

115 

21 

125 

126 

126 

127 

127 

126 

1 21 

117 

117 

117 

117 

118 

22 

124 

123 

125 

123 

127 

126 

126 

122 

n9 

120 

119 

119 

23 

125 

127 

126 

128 

127 

126 

127 

126 

124 

124 

125 

126 

24 

126 

128 

128 

129 

128 

128 

127 

126 

127 

127 

128 

128 

25 

130 

131 

131 

J3i 

130 

129 

128 

128 

127 

127 

129 

129 

26 

123 

126 

129 

129 

127 

I29 

126 

126 

124 

123 

123 

124 

27 

126 

128 

128 

128 

128 

128 

125 

121 

119 

119 

121 

122 

28 

129 

I29 

129 

131 

130 

130 

129 

126 

122 

122 

123 

124 

29 

131 

131 

1 3i 

131 

131 

130 

128 

124 

122 

123 

126 

127 

30 

133 

133 

133 

132 

i33 

132 

128 

122 

II9 

119 

120 

121 

31 

131 

131 

130 

131 

131 

131 

131 

124 

1 2 1 

1 21 

121 

122 

Monthly? 
mean  $ 

126-9 

1 127-4 

128-3 

128-5 

128-3  127-6 

I25-4 

121-3 

1 20- 1 

II9-9 

1 20- 1 

120-8 

Normal 

126-9 

> 127-4 

128-6 

128-8 

128-3 

| 127*6 

I25-4 

122*2 

I2I-2 

120*4 

121-0 

1220 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

OCTOBER,  1883. 


I3h 

I4h 

I5h 

l6h 

17b 

i8h 

1911 

20& 

2Ih 

22h 

23H 

Mid- 

night. 

Daily 

mean. 

Daily 

range. 

125 

127 

130 

129 

127 

127 

129 

128 

I29 

I30- 

130 

130 

127*2 

n<* 

123 

125 

126 

125 

124 

127 

128 

129 

128 

125 

124 

126 

125*7 

12 

127 

127 

127 

128 

127 

128 

129 

129 

129 

128 

129 

129 

128*1 

8 

125 

I29 

129 

130 

139* 

138* 

135 

132 

134 

133 

134 

136 

130*7 

15 

no* 

IO3* 

103* 

III* 

112* 

118 

116* 

108* 

1 14* 

II7* 

118* 

124 

1 1 6*4 

35 

123 

120 

1 15* 

1 14* 

112* 

116* 

121 

124 

127 

126 

121 

123 

120*9 

16 

124 

127 

127 

124 

123 

125 

126 

127 

128 

128 

127 

127 

125-5 

8 

124 

119 

124 

125 

124 

126 

126 

128 

128 

128 

128 

128 

126*0 

13 

126 

125 

126 

126 

127 

129 

129 

130 

131 

130 

129 

130 

127*3 

8 

122 

I24 

127 

127 

128 

129 

129 

130 

131 

131 

130 

129 

1277 

11 

124 

127 

129 

130 

130 

130 

130 

130 

I29 

129 

129 

130 

127*9 

14 

120 

121 

126 

124 

123 

116* 

123 

124 

126 

I25e 

125 

125 

123*6 

H 

124 

126 

125 

125 

124 

126 

125 

126 

125 

124 

121 

123 

123*4 

12 

123 

127 

128 

128 

127 

123 

127 

128 

128 

128 

128 

126 

123*8 

16 

1 14* 

III* 

109* 

no* 

112* 

108* 

no* 

II3* 

120 

in* 

109* 

115* 

n6*6 

24 

127 

132 

1 14* 

123 

hi* 

114* 

hi* 

IO4* 

91* 

107* 

107* 

121 

11 8*3 

48 

1 1 6 

117 

1 17* 

118 

117* 

119 

122 

124 

II9 

114* 

112* 

116* 

117*4 

12 

1 14* 

II9 

120 

124 

124 

125 

123 

124 

I29 

129 

126 

127 

121*0 

22 

Il8 

124 

123 

120 

123 

122 

116* 

II4* 

126 

124 

121 

122 

122*3 

20 

125 

125 

123 

123 

122 

124 

124 

124 

I24 

124 

124 

125 

123*1 

18 

122 

125 

126 

126 

126 

126 

128 

125 

125 

123 

122 

123 

123*4 

11 

121 

122 

122 

123 

124 

126 

126 

125 

126 

126 

127 

126 

123*6 

8 

I24 

124 

124 

125 

125 

127 

128 

128 

128 

128 

i33 

123 

126*2 

10 

130 

I29 

129 

129 

128 

126 

128 

128 

128 

128 

130 

130 

128*0 

5 

131 

132 

130 

130 

127 

128 

128 

131 

128 

130 

129 

135 

I29-5 

10 

127 

129 

129 

130 

126 

125 

128 

128 

126 

127 

127 

128 

126*6 

7 

[!26] 

128 

126 

127 

127 

129 

130 

130 

130 

130 

129 

128 

[126*4] 

12 

128 

130 

129 

129 

130 

131 

132 

131 

132 

130 

132 

131 

128*7 

10 

132 

133 

132 

132 

132 

132 

133 

134 

133 

131 

i33 

133 

130*2 

12 

122 

125 

127 

128 

128 

132 

132 

132 

132 

132 

132 

131 

128*3 

14 

125 

128 

130 

130 

130 

132 

132 

132 

132 

130 

130 

131 

128*6 

12 

1233 

124-5 

124-3 

124*9 

124-5 

125*3 

125*9 

125*8 

126*3 

126*0 

1257 

126*8 

124*90 

124*5 

I25'7 

126*7 

126*4 

126*2 

126*6 

127*8 

128*2 

128*0 

128*0 

» 127*8 

127*6 
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. DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hi  filar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0*000109  in  parts  of  H.  All 


NOVEMBER,  1883. 

[For  tbe  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

ih 

2h 

3h 

4h 

5b 

6* 

7h 

8h 

9h 

IOh 

nh  - 

Noon. 

1 

130 

130 

131 

131 

132 

132 

130 

124 

Il8 

120 

126 

127 

2 

105* 

IO4* 

1 14* 

120 

1 19 

121 

1 17 

116 

115 

117 

118 

121 

3 

1 1 1* 

120 

115* 

118 

117 

1 14* 

116 

116 

115 

in 

in 

112 

4 

128 

127 

124 

123 

127 

123 

121 

118 

1 16 

114 

Ix3 

”5 

5 

126 

126 

125 

124 

126 

126 

125 

124 

122 

1 20  y 

"5 

120 

6 

125 

126 

126 

126 

127 

126 

127 

126 

126 

126 

125 

126 

7 

127 

127 

127 

127 

129 

128 

127 

124 

122 

121 

120 

121 

8 

129 

I29 

129 

130 

130 

130 

127 

124 

121 

122 

120 

123 

9 

129 

I29 

130 

131 

130 

130 

129 

126 

124 

122 

122 

124 

10 

130 

130 

131 

131 

131 

131 

130 

128 

125 

123 

124 

126 

11 

132 

130 

132 

133 

130 

130 

133 

132* 

130* 

127 

127 

128 

12 

126 

126 

129 

129 

131 

133 

133 

132* 

I29* 

126 

125 

128 

13 

126 

126 

126 

?27 

128 

128 

129 

128 

126 

126 

125 

123 

14 

120 

I 21 

127 

125 

126 

126 

125 

124 

123 

120 

120 

120 

15 

125 

126 

126 

126 

127 

128 

127 

124 

120 

118 

119 

122 

16 

126 

126 

126 

126 

127 

128 

126 

125 

122 

122 

123 

125 

17 

129 

129 

127 

125 

125 

125 

124 

124 

122 

121 

121 

120 

18 

126 

127 

128 

128 

127 

128 

128 

125 

122 

120 

118 

118 

19 

127 

128 

126 

128 

127 

127 

126 

122 

II9 

n9 

118 

121 

20 

1 16* 

125 

118 

130 

118 

122 

126 

125 

124 

in 

109* 

108* 

21 

114* 

115* 

118 

1 19 

119 

119 

118 

in* 

106* 

105* 

106* 

109* 

22 

100* 

89* 

92* 

109* 

119 

102* 

94* 

92* 

IOO* 

91* 

95* 

IOO* 

23 

IOI* 

106* 

no* 

1 17 

109* 

hi* 

1 12* 

1 12* 

III 

109* 

107* 

no* 

24 

1 13* 

I I4* 

1 14* 

1 16 

1 15* 

115*  \ 

116 

114 

no* 

105* 

102* 

104* 

25 

119 

120 

1 21 

1 21 

122 

123 

121 

118 

114 

IX3 

in 

11 3 

26 

120 

J2C 

120 

1 21 

121 

122 

122 

119 

118 

ii5 

116 

117 

27 

1 17 

I 18 

Il8 

120 

126 

119 

123 

122 

116 

U5 

“3 

113 

28 

115* 

Il8 

120 

122 

122 

1 21 

122 

H9 

113 

113 

114 

ii5 

29 

119 

n9 

II9 

1 19 

119 

120 

122 

121 

119 

114 

H3 

114 

30 

118 

II9 

119 

119 

120 

120 

122 

119 

116 

114 

IX3 

114 

Monthly? 
mean  $ 

121*0 

121*7 

122*3 

124*0 

124*2  123*6 

123-3 

I2I*I 

n8*8 

116*7 

m 6*3  117*9 

Normal 

125*2 

124*9 

124*9 

124*6  125*1 

125*6 

124*7 

122*2 

119*6 

ii8*8 

n 8*8 

120*2 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet..  Increasing  numbers  indicate  increasing  force.] 

NOVEMBER,  1883. 


I3h 

I4h 

i5h 

l6h 

17b 

i8h 

19b 

20h 

2Ih 

22h 

23b 

Mid- 

night. 

Daily 

mean. 

Daily 

range. 

122 

114 

113 

117 

119 

112* 

107* 

112 

113 

I IO* 

112* 

103* 

120-2 

3°d 

121 

123 

116 

1 1 2* 

no* 

97* 

84* 

IOO* 

90* 

92* 

IO9* 

109* 

110-4 

39 

114 

1 17 

118 

120 

124 

124 

121 

122 

122 

123 

122 

124 

117-8 

15 

116 

118 

121 

122 

122 

123 

124 

124 

124 

128 

126 

126 

121-8 

15 

124 

126 

126 

120 

121 

120 

123 

127 

125 

123 

125 

125 

123-5 

13 

126 

126 

129 

127 

126 

124 

124 

125 

127 

126 

126 

126 

126-0 

6 

126 

126 

123 

126 

128 

129 

129 

I29* 

128 

127 

130 

131 

126-3 

12 

125 

124 

127 

I29 

130 

130 

130 

130* 

131* 

130 

130 

129 

127-5 

1 1 

126 

129 

130 

128 

128 

131 

131 

I30* 

131* 

43° 

130 

130 

128-3 

10 

128 

128 

131* 

128 

128 

129 

129 

131* 

131* 

I32* 

130 

128 

128-9 

10 

132* 

130 

131* 

130 

132* 

134* 

133* 

131* 

128 

131 

I24 

126 

130-3 

n 

129 

125 

124 

117 

122 

123 

122 

122 

125 

123 

123 

125 

1261 

18 

124 

125 

124 

124 

123 

119 

120 

119 

119 

124 

123 

120 

124-3 

10 

120 

1 21 

121 

120 

119 

120 

121 

1 21 

1 21 

122 

124 

126 

122-2 

9 

125 

126 

126 

128 

128 

128 

127 

126 

126 

126 

127 

127 

125-3 

12 

126 

128 

128 

129 

130 

129 

129 

I29* 

129 

128 

128 

127 

126-8 

8 

121 

122 

123 

124 

125 

126 

126 

126 

127 

126 

127 

127 

124-7 

10 

120 

127 

129 

128 

128 

128 

129 

I29* 

130 

126 

128 

128 

126-0 

12 

121 

Il8 

120 

117 

in* 

121 

123 

119 

1 1 6 

119 

122 

129 

121-8 

20 

ic6* 

108* 

1 12* 

Il6 

ii5 

in* 

no* 

106* 

no* 

114 

II4 

114* 

115-3 

25 

108* 

11 3 

116 

Il6 

120 

121 

117 

III 

119 

Il6 

105* 

92* 

113-0 

52 

99* 

98* 

98* 

94* 

89* 

100* 

89* 

86* 

86* 

90* 

99* 

97* 

96-2 

43 

1 17 

114 

108* 

99* 

107* 

112* 

1 13* 

113 

112* 

1 13* 

114 

114* 

110-5 

24 

107* 

109* 

no* 

114 

ii5 

117 

117 

1 17 

H7 

1 17 

ii7 

118 

1130 

18 

114 

116 

117 

118 

118 

121 

120 

120 

119 

120 

120 

120 

118-3 

12 

119 

122 

122 

121 

120 

123 

124 

122 

121 

119 

121 

118 

1 20- 1 

10 

ii5 

119 

119 

120 

119 

119 

120 

116 

116 

117 

116 

1 15* 

1 18.O 

15 

117 

117 

117 

114 

118 

118 

118 

117 

1 17 

119 

116 

1 17 

II7-5 

9 

1 15 

H7 

118 

116 

1 17 

119 

118 

118 

119 

Il8 

1 17 

1 17 

117-8 

10 

117 

118 

116 

117 

ii5 

116 

ii5 

112 

1 13 

117 

116 

114* 

n6-6 

12 

119-3  1201  I2°’4 
I2I*I  I21'8  121-8 

119-7  120-2  120-8 
I217  122*3  123*2 

1198  119-7  1197 
123-2  119*4  121-8 

120*2  120-8 
122-8  I23-0 

1 20- 1 
124-7 

120-49 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  =-.  O' 000109  in  parts  of  H.  All 

DECEMBER,  1883. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

Ih 

2h 

3h 

4h 

5h 

6b 

7h 

8b 

9h 

lOh 

lib 

Noon. 

! 

116 

1 18 

”9 

121 

122 

122 

125 

122 

Il6 

IIO 

108 

in 

2 

IIO* 

1 13 

114 

”5 

117 

Il8 

Il8 

Il8 

Il6 

III 

106 

107 

3 

1 16 

1 17 

1 18 

119 

1 18 

II9 

II9 

117 

Il6 

IIO 

107 

107 

4 

120 

1 21 

122 

122 

122 

123 

123 

122 

121 

118 

115 

118 

5 

122 

123 

123 

123 

123 

I24 

122 

1 19 

Il6 

1 12 

1 12 

114 

6 

123 

123 

124 

125 

125 

125 

124 

122 

n9 

115 

”3 

ii5 

7 

123 

124 

124 

124 

124 

124 

123 

122 

118 

1 1 2 

hi 

114 

8 

126 

125 

126 

126 

127 

127 

127 

124 

123 

121 

122 

118 

9 

120 

121 

121 

II9 

125 

124 

123 

120 

118 

1 12 

IIO 

IIO 

10 

Il8 

117 

119 

120 

120 

1 21 

122 

120 

116 

1 14 

116 

118 

1 1 

122 

119 

119 

Il8 

124 

124 

125 

126 

124 

121 

120 

118 

12 

117 

121 

120 

Il8 

122 

121 

123 

122 

122 

120 

116 

1 14 

13 

Il6 

117 

118 

120 

119 

120 

II9 

117 

118 

117 

11 3 

112 

14 

120 

120 

125 

122 

122 

123 

122 

123 

119 

I23 

117 

ii5 

15 

120 

II9 

119 

120 

120 

121 

122 

122 

120 

Il6 

114 

116 

16 

12 1 

1 2 1 

120 

121 

121 

122 

123 

123 

123 

122 

120 

116 

17 

120 

121 

122 

122 

122 

123 

122 

120 

119 

114 

108 

103* 

18 

1 12 

1 17 

1 17 

117 

119 

120 

II9 

Il8 

117 

1 16 

109 

108 

19 

II9 

Il8 

121 

II9 

120 

122 

121 

123 

121 

Il8 

114 

IIO 

20 

II9 

II9 

120 

120 

121 

122 

129 

130 

130* 

129* 

123* 

117 

21 

125 

125 

125 

125 

125 

127 

127 

125 

121 

Il8 

116 

116 

22 

122 

124 

125 

126 

128 

127 

127 

126 

120 

1 12 

109 

III 

23 

122 

123 

124 

124 

124 

126 

127 

125 

122 

1 17 

113 

114 

24 

125 

125 

127 

128 

130 

131 

133* 

132* 

131* 

126* 

121 

120 

25 

123 

122 

127 

127 

126 

127 

127 

126 

120 

1 16 

1 16 

113 

26 

122 

1 18 

119 

» 122 

I2I- 

122 

123 

I23 

122 

117 

114 

115 

27 

II9 

XI9 

121 

120 

120 

122 

122 

122 

123 

121 

116  . 

115 

28 

115 

116 

ii/7 

119 

124 

126 

120 

117 

1 17 

1 1 2 

109 

III 

29 

Il6 

1 1-7 

118 

1 21 

122 

122 

124 

124 

120 

114 

1 10 

IIO 

30 

119 

120 

l2l 

121 

122 

122 

122 

122 

120 

113 

IIO 

IIO 

31 

121 

123 

*24 

I24 

124 

125 

124 

120 

121 

Il6 

116 

119 

Monthly) 
mean  $ 

1 196  120*2  I2t-3 

121-5 

122-5 

123*3 

123*5 

122*3 

120-3 

ii6*5 

£ 

1134 

Normal 

1200  120-2 

121*3 

121-5 

122-5 

123*3 

1231 

122*0  119-6 

115*8  113-4  113-7 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory . 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

DECEMBER,  1 883. 


1 3h 

Hh 

I5h 

i6h 

i7h 

i8*» 

i9b 

20h 

2Ih 

22h 

23h 

Mid- 

night. 

Daily 

mean. 

Daily 

range. 

1 14 

114 

no* 

106* 

no* 

109* 

103* 

98*  IOI* 

IOO* 

104* 

105* 

ni-8 

28  d 

no 

106* 

116 

116 

117 

1 17 

118 

Il8 

117 

Il8 

”9 

116 

114-6 

14 

107 

112 

115 

118 

119 

119 

120 

1 21 

122 

1 2 1 

121 

120 

n6-6 

15 

118 

118 

121 

122 

123 

124 

124 

123 

123 

122 

122 

122 

121*2 

10 

117 

119 

122 

123 

124 

124 

124 

123 

124 

123 

123 

122 

I20-9 

13 

117 

117 

120 

124 

124 

125 

125 

125 

I24 

124 

124 

124 

121-9 

12 

”5 

120 

123 

124 

125 

126 

126 

126 

126 

125 

125 

126 

122*1 

15 

117 

120 

121 

123 

1 17 

119 

119 

122 

122 

119 

117 

125 

122*2 

12 

Il3 

114 

116 

119 

118 

120 

119 

119 

”9 

Il8 

Il6 

116 

117*9 

16 

120 

121 

119 

119 

124 

123 

124 

127 

121 

122 

120 

121 

1 20- 1 

15 

121 

122 

120 

121 

122 

116 

123 

122 

120 

120 

122 

119 

1 2 1 "2 

II 

112 

113 

109* 

in* 

114 

1 13 

no* 

IO9* 

113 

Il6 

115 

115 

Il6l 

15 

114 

lI5 

116 

ii7 

118 

118 

120 

Il8 

Il8 

112 

115 

118 

116-9 

10 

ii5 

119 

n 7 

ii5 

116 

118 

117 

117 

Il6 

Il8 

Il8 

119 

II90 

12 

117 

119 

119 

120 

121 

121 

121 

121 

121 

121 

120 

121 

119-6 

9 

121 

123 

125 

125 

124 

124 

122 

122 

122 

122 

122 

122 

122-0 

10 

106* 

105* 

116 

116 

118 

1 14 

117 

1 17 

114 

114 

109* 

119 

1157 

20 

112 

114 

117 

ii5 

116 

117 

1 17 

Il6 

1 17 

Il8 

Il8 

ii9 

Il6o 

13 

no 

109* 

115 

119 

119 

118 

119 

119 

119 

119 

119 

120 

1 1 80 

14 

120 

129* 

126 

128 

125 

124 

123 

121 

125 

126 

126 

125 

124-0 

14 

116 

118 

121 

123 

124 

124 

124 

124 

123 

123 

I23 

123 

122-5 

1 1 

116 

120 

123 

124 

124 

123 

125 

124 

125 

I24 

122 

122 

122-0 

20 

116 

120 

122 

123 

127 

126 

124 

I23 

125 

124 

125 

125 

122-5 

14 

126* 

127 

128 

124 

126 

124 

122 

I23 

Il8 

1 21 

120 

122 

I25M 

16 

”5 

116 

118 

ii7 

ii5 

117 

ii7 

119 

Il6 

Il8 

Il6 

114 

II9-5 

15 

118 

121 

121 

120 

122 

119 

117 

113 

II4 

114 

114 

ii7 

n8-7 

10 

120 

121 

121 

118 

113 

118 

ii5 

112 

115 

114 

112 

1 14 

n8-o 

12 

114 

116 

119 

121 

121 

120 

120 

119 

Il8 

121 

1 17 

116 

II7-7 

18 

112 

117 

117 

120 

”9 

118 

118 

Il8 

Il8 

Il8 

Il8 

120 

n 8-o 

14 

114 

120 

123 

122 

121 

121 

121 

12 1 

122 

121 

1 2 1 

121 

119-6 

14 

120 

121 

122 

126 

125 

126 

125 

131* 

125 

127 

125 

125 

123-1 

15 

115-6  117-6  119-3  I2°'°  120-4  120-2  120-0  1197  119-5  1 195  1 190  119  8 
115-6118-4  II9‘9  120-8  1207  120-5  120-^120-5  120*1  120-1  1198  120*3 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

“Hourly  readings  from  the  photographic  traces  of  the  In  filar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division =0-000109  in  parts  of  H.  All 

JANUARY,  1884. 


[For  the  explanation  of  these  tables  see  pp.  53,  51.] 


Day. 

ih 

2h 

3h 

4b 

5h 

6h 

7 11 

8h 

9h 

IOh 

II* 

Noon. 

1 

126 

126 

126 

126 

126 

126 

125 

123 

117 

115 

108 

no 

2 

120 

1 2 1 

122 

1 2 1 

122 

122 

122 

121 

1 16 

1 13 

no 

114 

3 

127 

127 

127 

126 

127 

127 

126 

125 

120 

no 

109 

no 

4 

126 

126 

126 

126 

126 

126 

126 

125 

125 

118 

1 13 

113 

5 

119 

1 21 

121 

121 

123 

124 

125 

124 

121 

115 

108 

108 

6 

120 

1 21 

122 

123 

123 

124 

124 

124 

121 

118 

113 

in 

7 

124 

124 

125 

126 

127 

130 

129 

129 

124 

117 

114 

115 

8 

I25t 

I24f 

126-j- 

I22f 

I27t 

I24t 

I23f 

I2lf 

H9t 

1 10 

107 

1 1 1 

9 

122 

123 

122 

122 

123 

123 

124 

123 

121 

118 

”3 

116 

10 

123 

124 

124 

124 

125 

127 

130 

128 

120 

117 

114 

114 

1 1 

119 

123 

123 

124 

124 

124 

124 

123 

119 

11 3 

1 10 

112 

12 

115 

Il8 

120 

Il8 

127 

124 

122 

120 

no* 

105* 

103 

108 

13 

”9 

Il8 

121 

II9 

118 

119 

119 

Il8 

119 

1 13 

in 

in 

14 

122 

122 

122  , 

123 

123 

124 

125 

I23 

119 

112 

108 

no 

15 

1 14 

Il6 

1 17 

120 

123 

122 

121 

120 

1 17 

1 10 

109 

hi 

16 

120 

1 21 

119 

II9 

119 

1 2 1 

122 

120 

114 

105* 

104 

105 

17 

121 

120 

123 

124 

124 

126 

127 

126 

1 22 

1 17 

113 

in 

18 

125 

125 

126 

126 

126 

127 

125 

123 

122 

119 

119 

118 

19 

118 

126 

119 

”9 

1 21 

120 

121 

120 

120 

116 

in 

108 

20 

123 

123 

123 

124 

124 

123 

124 

123 

121 

ii5 

108 

no 

21 

120 

1 21 

123 

123 

125 

125 

I25 

124 

121 

114 

108 

104 

22 

122 

I24 

124 

L24 

124 

125 

125 

125 

122 

116 

in 

”3 

23 

121 

125 

125 

124 

I24 

123 

124 

123 

120 

ii5 

1 10 

no 

24 

123 

124 

123 

I24 

125 

125 

125 

122 

120 

114 

1 1 1 

114 

25 

123 

I24 

124 

126 

126 

126 

126 

126 

125 

121 

1 14 

1 14 

26 

108* 

1 13* 

124 

1 16 

Il8 

1 17 

118 

117 

116 

1 1 1 

104 

no 

27 

117 

120 

119 

II9 

119 

120 

120 

120 

120 

121 

ii5 

1 14 

28 

119 

122 

120 

120 

120 

121 

122 

123 

121 

1 17 

112 

1 14 

29 

122 

122 

122 

122 

122 

122 

123 

122 

120 

118 

113 

112 

30 

123 

123 

123 

123 

124 

125 

126 

126 

127 

124 

ii5 

113 

3i 

I26f 

I26f 

I25t 

I25t 

I25f 

I25t 

125f 

126-j- 

124 

122 

117 

ii5 

Monthly? 
mean  } 

121-0 

I22’4 

122-8 

I22-5 

123-5  123-8 

124-0 

I23I 

1 20- 1 

H5‘i 

no-8 

m-6 

Normal 

1215 

to 

to 

122-8 

I22-5 

123-5 

123-8 

124-0 

123*1 

6 

M 

op 

in 

no-8 

m-6 

t Corrected  by  observer  for  disturbing  effect  of  red  lantern. 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory . 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

JANUARY,  1884. 


I3h 

I4h 

I5h 

1 6b 

I7h 

1 8b 

19b 

20h 

2lb 

22h 

23b 

Mid- 

night. 

Daily 

mean. 

114 

118 

121 

125 

123 

122 

1 21 

122 

1 21 

121 

120 

121 

I2I-Id 

119 

122 

126^' 

131 

129 

I29 

128 

128 

127 

128 

127 

127 

122*7 

115 

121 

126 

129 

128 

128 

128 

126 

127 

127 

126 

126 

123-7 

”5 

121 

128 

130 

128 

128 

127 

124 

121 

Il8 

Il8 

117 

I23-0 

hi 

117 

119 

122 

123 

I24 

125 

124 

124 

122 

121 

120 

I2P-I 

114 

117 

121 

124 

125 

125 

126 

125 

125 

124 

124 

124 

121-6 

120 

125 

127 

128 

127 

128 

126 

I23 

124 

122 

I2lf 

I23f 

I24-I 

114 

118 

120 

1 21 

120 

Il6 

Il8 

1 21 

1 21 

1 21 

120 

122 

119-6 

120 

122 

123 

123 

121 

123 

124 

125 

123 

I24 

123 

123 

121-8 

116 

118 

120 

127 

123 

124 

117 

II9 

117 

II4 

lip 

120 

121-0 

IJ3 

114 

116 

”5 

114 

1 13* 

114 

IIS 

1 14 

Il6 

1 14 

114 

II7‘I 

109 

114 

118 

Il8 

114 

1 1 1* 

115 

118 

Il8 

117 

Il8 

118 

ii5*7 

114 

118 

121 

120 

120 

120 

120 

121 

122 

122 

122 

122 

1 18-6 

"St 

1 21 1 

I26f 

I24f 

n9t 

120 

120 

Il8 

1 17 

Il6 

117 

ii5 

1 19-2 

114 

117 

119 

Il8 

118 

120 

119 

120 

120 

II9 

120 

120 

117-7 

109 

”5 

120 

123 

123 

121 

1 21 

122 

122 

121 

122 

121 

117-9 

113 

1 17 

123 

124 

123 

122 

123 

123 

123 

125 

124 

124 

121*6 

118 

123 

125 

126 

123 

1 12* 

115 

Il6 

115 

115 

Il6 

120 

1210 

108 

1 1 1 

H5 

120 

121 

122 

122 

123 

123 

124 

123 

123 

118-9 

112 

”3 

120 

124 

125 

126 

126 

121 

”9 

122 

1 21 

120 

120-4 

107 

no 

114 

119 

122 

123 

122 

122 

122 

121 

120 

121 

119-0 

u6f 

119 

120 

n9 

120 

120 

120 

121 

122 

124 

123 

122 

120-9 

hi 

116 

”5 

118 

121 

123 

123 

I23 

122 

123 

123 

123 

120-2 

118 

121 

124 

125 

124 

124 

124 

I24 

124 

124 

124 

124 

1 22*1 

116 

121 

124 

1 16 

117 

123 

123 

117 

IIO* 

III* 

II4 

124 

120-5 

114 

II5 

119 

118 

“9 

II9 

120 

Il8 

116 

Il6 

II9 

117 

”5*9 

116 

117 

117 

116 

118 

119 

n9 

120 

120 

Il8 

Il8 

119 

1 18-4 

1 i6f 

II7t 

u9t 

n9t 

120 

120 

121 

121 

122 

122 

122 

122 

119-7 

116 

1 i6f 

1 18 

I2lf 

120 

1 20f 

I20f 

120 

120 

I 21 

1 2 1 

123 

1198 

118 

118 

120 

119 

122 

125 

126 

126 

125 

125 

I26| 

I26| 

122-8 

“5t 

116 

121 

124 

124 

126 

126 

127 

126 

125 

125 

128 

123*5 

114*4  ii7*7 

120-8 

1 22- 1 

121-7 

121-8 

I2I-9 

I2I-7 

121*0 

120*9 

121*0 

121-6 

120-31 

11 4*4 

1177 

120-8 

122*1 

121-7 

122-9 

121-9 

121*7 

I2I-4 

121*2 

121*0 

121*6 

t Corrected  by  observer  for  disturbing  effect  of  red  lantern. 
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U.  S.  COAST  AND  GEODETIC  SURVEY, 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0-000109  in  parts  of  H.  All 

FEBRUARY,  1884. 

[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

1“ 

2h 

3h 

4h 

5h 

6h 

7h 

8»» 

9h 

IOh 

nh 

Noon. 

1 

127 

127 

126 

125 

124 

127 

127 

128 

131 

124 

120 

116 

2 

114 

117 

”5* 

123 

120 

122 

128 

126 

124 

120 

”3 

108* 

3 

121 

122 

122 

122 

123 

124 

125 

125 

124 

122 

116 

106* 

4 

118 

Il8 

119 

121 

124 

124 

128 

126 

134 

131 

123 

1 16 

5 

123 

122 

122 

123 

126 

124 

126 

130 

130 

125 

121 

116 

6 

120 

121 

122 

122 

122 

122 

124 

126 

124 

122 

120 

114 

7 

123 

122 

122 

124 

124 

124 

124 

126 

125 

124 

120 

118 

8 

1I7 

117 

119 

124 

123 

125 

126 

128 

125 

124 

121 

no 

9 

117 

120 

121 

126 

124 

122 

123 

124 

125 

124 

121 

117 

10 

124 

124 

125 

126 

126 

128 

130 

132 

132 

129 

126 

122 

11 

124 

124 

1 25 

128 

128 

126 

128 

130 

130 

126 

121 

Il8 

12 

124 

125 

125 

126 

126 

127 

127 

128 

127 

125 

124 

125 

13 

127 

128 

127 

127 

128 

128 

128 

129 

128 

124 

120 

117 

14 

130 

131 

132 

132 

132 

132 

133 

134 

133 

128 

125 

124 

15 

132* 

131 

132 

132 

1 33 

134 

134 

136 

135 

135* 

130* 

127* 

16 

128 

127 

128 

129 

128 

129 

130 

131 

131 

126 

125 

123 

1 7 

126 

125 

127 

129 

129 

129 

130 

128 

130 

129 

125 

1 21 

18 

124 

125 

132 

123 

124 

125 

127 

127 

128 

125 

120 

1 17 

19 

124 

126 

124 

126 

126 

126 

127 

128 

128 

125 

120 

1 17 

20 

125 

126 

126 

126 

127 

128 

130 

128 

127 

125 

122 

120 

21 

128 

127 

126 

127 

127 

128 

129 

129 

129 

127 

125 

119 

22 

126 

126 

128 

129 

130 

130 

132 

133 

131 

129 

126 

122 

23 

125 

128 

125 

126 

129 

130 

126 

126 

133 

127 

122 

1 13 

24 

117 

119 

119 

118 

121 

121 

120 

125 

1 18* 

120 

118 

114 

25 

118 

Il6 

126 

119 

118 

117 

120 

122 

117* 

118 

114 

I IO 

26 

121 

1 21 

122 

123 

122 

124 

124 

125 

123 

118 

1 18 

117 

27 

121 

1 21 

121 

122 

122 

123 

124 

125 

121 

117 

ii5 

115 

28 

121 

1 21 

122 

120 

122 

123 

123 

123 

121 

120 

117 

115 

29 

120 

120 

123 

122 

120 

121 

122 

124 

124 

129 

”3 

121 

Monthly  £ 
mean  $ 

122-9 

I23'3 

124-2 

124-8 

1251 

125-6 

126-7 

127-7 

127*2 

124*8 

1 20-7 

II7-2 

Normal 

122-6 

123*3 

124-6 

00 

N 

1251 

125-6 

126-7 

1277 

127*9 

124*4 

120*4 

117*6 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory . 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

FEBRUARY,  1884. 


,3h 

I4h 

I5h 

i6*> 

17(1 

i8h 

I9h 

20h 

2Ih 

22h 

23h 

Mid- 

night. 

Daily 

mean. 

n5t 

I2lf 

I23f 

I2St 

I26f 

I28f 

I28f 

I24t 

list 

I23t 

n6f 

H4f 

j 23.3d 

io9f 

”3t 

114 

Il8 

119 

121 

120 

1 2 1 

121 

120 

121 

120 

1 1 8-6 

107* 

”3 

118 

Il8 

118 

1 18 

119 

Il6 

114 

Il6 

116 

IX5 

118-3 

112 

114 

120 

122 

114 

1 16 

117 

120 

1 21 

120 

120 

120 

120-8 

119 

"3 

114 

117 

118 

119 

119 

120 

120 

n8- 

118 

125 

121*2 

114 

114 

ii5 

117 

121 

121 

124 

122 

1 21 

122 

122 

122 

120-6 

116 

Il6 

118 

120 

123 

123 

122 

I23 

1 21 

Il8 

122 

125 

121-8 

109 

”3 

116 

Il8 

II9 

120 

119 

Il8 

1 12* 

Il8 

118 

118 

1 190 

114 

”3 

116 

Il8 

1 21 

121 

122 

121 

121 

122 

122 

123 

120-8 

ii5 

114 

116 

120 

123 

125 

126 

125 

124 

124 

123 

122 

124-2 

119 

121 

123  • 

124 

125 

125 

125 

124 

122 

123 

123 

124 

124-4 

123 

121 

122 

124 

126 

127 

127 

126 

127 

128 

128 

128 

125-7 

117 

119 

123 

126 

125 

126 

126 

126 

126 

126 

127 

129 

125-3 

126* 

126 

127 

128 

129 

129 

130 

130 

130 

130 

131 

132* 

129-8 

127* 

128* 

128* 

128 

129 

129 

128 

126 

124 

124 

124 

125 

129-6 

121 

122 

122 

122 

123 

125 

124 

125 

125 

126 

124 

126 

125-9 

121 

123 

125 

114 

Il6 

123 

121 

118 

122 

122 

124 

124 

124-2 

”5 

ii5 

114 

117 

120 

121 

124 

125 

124 

124 

123 

123 

122-6 

119 

123 

1 21 

122 

123 

122 

122 

122 

125 

126 

125 

125 

123-8 

120 

120 

121 

123 

124 

127 

126 

126 

127 

127 

126 

125 

I25-I 

120 

121 

122 

123 

125 

127 

127 

126 

125 

125 

125 

126 

125-5 

120 

122 

124 

126 

128 

13° 

129 

I29 

127 

125 

124 

125 

1271 

119 

XI3 

108* 

1 14 

96* 

Il6 

114 

XI5 

1 1 2* 

1 1 2* 

106* 

119 

I189 

hi 

114 

114 

Il6 

Il8 

120 

120 

120 

Il8  % 

113* 

118 

118 

II7-9 

107* 

109 

1 1 2 

113 

Il8 

117 

119 

120 

121 

121 

121 

122 

II7-3 

118 

IX5 

IX5 

Il6 

117 

Il8 

119 

119 

119 

122 

121 

121 

1199 

114 

115 

116 

Il8 

117 

Il8 

120 

120 

121 

1 21 

121 

120 

XX9-5 

1 16 

117 

119 

120 

120 

119 

118 

119 

1 17 

119 

121 

119 

1197 

125 

107* 

109* 

113 

113 

IOO* 

98* 

92* 

86* 

82* 

103* 

104* 

II2I 

1168 

ii7’i 

118-4 

120-0 

120-5 

I21‘7 

121-8 

121-3 

120-3 

120-6 

121*1 

122-0 

122-17 

1168  1170  1188 

1200 

I2I-4 

122*5 

122-7 

122-3 

122-2 

122-7 

1 22*4 

122*3 

>t  Corrected  by  observer  for  disturbing  effect  of  red  lantern. 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Sourly  readings  from  the  photographic  traces  of  the  bifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0-000109  in  parts  of  H.  All 

MARCH,  1884. 

[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

I* 

2h 

3h 

4h 

5h 

6* 

7b 

8h 

9h 

IOh 

n h Noon. 

1 

104* 

IO9* 

1 12* 

hi* 

116* 

1 16* 

n5* 

114 

109* 

120 

119 

114 

2 

11 3* 

117* 

119 

122 

122 

120 

122 

125 

125 

114 

114 

108* 

3 

1 16* 

127 

113* 

128 

117 

Il8 

120 

124 

124 

128* 

130* 

125 

4 

122 

123 

123 

124 

124 

125 

126 

129 

128 

128* 

126 

124 

5 

124 

125 

124 

125 

124 

124 

124 

124 

124 

123 

123 

122 

6 

127 

128 

128 

127 

128 

128 

128 

128 

125 

123 

126 

127 

. 7 

125 

126 

128 

128 

128 

130 

129 

127 

121 

122 

126 

120 

8 

128 

128 

129 

130 

128 

134 

129 

118 

118 

”5 

in 

no 

9 

125 

124 

122 

123 

123 

124 

124 

122 

117 

”5 

in 

114 

10 

126 

125 

125 

128 

126 

125 

125 

122 

117 

”3 

in 

113 

11 

127 

131 

128 

127 

128 

127 

126 

123 

1 18 

116 

117 

119 

12 

128 

127 

127 

128 

128 

128 

126 

124 

122 

127 

130* 

135* 

13 

128 

129 

129 

129 

130 

131 

126 

121 

118 

118 

121 

126 

14 

128 

128 

129 

132 

131 

129 

130 

126 

119 

118 

ii5 

122 

15 

131 

130 

130 

130 

129 

129 

130 

126  ' 

120 

117 

114 

ii5 

16 

126 

126 

128 

128 

128 

128 

127 

123 

120 

ii5 

113 

ii5 

17 

130 

130 

130 

132 

132 

128 

126 

120 

ii5 

hi 

112 

ii5 

18 

128 

127 

128 

130 

129 

128 

128 

124 

120 

118 

118 

119 

19 

131 

132 

133 

132 

131 

130 

128 

127 

123 

124 

121 

119 

20 

123 

126 

127 

126 

127 

129 

128 

126 

122 

123 

124 

116 

21 

127 

125 

126 

123 

126 

127 

128 

123 

123 

123 

122 

122 

22 

1 18 

122 

121 

120 

123 

123 

123 

121 

121 

124 

127 

128* 

23 

121 

122 

124 

122 

125 

126 

125 

122 

126 

125 

127 

124 

24 

127 

133 

132* 

1 33 

126 

129 

125 

123 

119 

118 

118 

1 19 

25 

125 

126 

126 

128 

125 

125 

123 

117 

1 1.3 

114 

115 

118 

26 

128 

127 

128 

126 

127 

127* 

123 

119 

ii5 

116 

114 

ii5 

27 

128 

130 

138* 

129 

126 

126 

123 

118 

114 

118 

119 

118 

28 

124 

130 

127 

127 

127 

127 

124 

120 

116 

116 

114 

116 

29 

no* 

1 14* 

1 14* 

1 16* 

117 

1 16* 

119 

116 

1 14 

”3 

in 

107* 

30 

123 

123 

122 

122 

121 

122 

122 

117 

hi 

IIO 

112 

112 

3i 

126 

123 

123 

122 

122 

123 

124 

123 

121 

1 21 

120 

121 

Monthly? 
mean  $ 

124-1 

I25-6 

125-6 

126-1 

125-6  125-9 

125-0 

122-3 

119-3 

II89 

1187 

n8-6 

Normal 

126-1 

I26-9 

126-6 

126-9 

125-9 

126-6 

125*4 

122-3 

119-6 

n8-3 

M 

00 

6. 

N* 

Op 

Ot 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

MARCH,  1884. 


I3h 

I4h 

*5h 

i6h 

17*1 

1 8^ 

19b 

20h 

2Ih 

22h 

23* 

Mid- 

night. 

Daily 

mean. 

106* 

104* 

105* 

99* 

109* 

105* 

103* 

1 14* 

Il8 

117 

1 16 

118 

1 1 1 -4d 

hi 

108* 

105* 

106* 

106* 

106* 

106* 

99* 

99* 

117 

in* 

1 10* 

*12*3 

1 18 

122 

121 

121 

119 

Il6 

1 16 

1 16 

**5 

1 14* 

119 

123 

120-4 

122 

120 

120 

121 

121 

122 

124 

124 

126 

124 

124 

123 

1239 

121 

125 

127 

128 

125 

127 

*3* 

*3* 

*3* 

129 

126 

128 

1256 

130* 

130 

*3* 

*3* 

132 

I32* 

129 

127 

**5 

1 21 

122 

122 

126-9 

120 

122 

125 

126 

127 

125 

126 

127 

128 

130 

127 

127 

1258 

112 

117 

121 

121 

124 

1 21 

120 

118 

1 16 

119 

1 19 

118 

1210 

116 

119 

123 

123 

124 

1 2 1 

124 

123 

124 

125 

125 

125 

I2I-5 

**7 

123 

126 

127 

126 

125 

126 

126 

127 

127 

127 

126 

123-3 

121 

123 

124 

124 

125 

124 

125 

125 

126 

127 

127 

128 

I24-4 

138* 

>39* 

i35* 

*3* 

129 

126 

127 

128 

128 

129 

129 

129 

I 29  - 1 

129* 

129 

*3* 

*3* 

128 

I29 

128 

129 

129 

128 

126 

128 

1271 

125 

128 

130 

130 

*3* 

129 

I29 

130 

129 

*3* 

*3* 

*3* 

128-0 

120 

124 

125 

123 

129 

128 

125 

121 

122 

126 

126 

126 

I248 

**5 

119 

128 

127 

127 

127 

128 

128 

129 

128 

129 

130 

1247 

1 18 

120 

124 

124 

124 

124 

124 

125 

125 

128 

128 

127 

123-8 

122 

126 

126 

13 * 

132 

*3* 

132  _ 

132 

132 

132 

132 

132 

I27-4 

121 

122 

126 

122 

124 

120 

1 2 1 

1 14* 

1 17 

Il6 

120 

123 

1240 

1 14 

123 

126 

118 

1 12* 

IO9* 

"5 

1 13* 

121 

123 

122 

*25 

121-6 

125 

123 

121 

118 

1 13* 

117 

117 

118 

1 17 

1 14* 

1 13* 

1 15* 

I2I*I 

128* 

128 

129 

125 

122 

121 

122 

124 

123 

1 21 

123 

123 

1233 

120 

128 

128 

127 

126 

!24 

121 

124 

125 

126 

126 

124 

1245 

122 

125 

120 

123 

121 

1 18 

122 

124 

123 

126 

130 

124 

I24-2 

122 

125 

124 

125 

124 

1 21 

121 

121 

121 

122 

125 

126 

122-2 

118 

123 

128 

125 

121 

1 21 

126 

126 

126 

127 

127 

129 

123-4 

122 

123 

125 

124 

122 

121 

122 

122 

120 

*3* 

119 

121 

I23-3 

1 10 

106* 

102* 

hi* 

105* 

106* 

96* 

1 10* 

102* 

94* 

100* 

no* 

“3*3 

106* 

no* 

u6 

118 

1 17 

1 17 

1 17 

120 

121 

122 

121 

121 

1*5-5 

112 

1 1 2* 

1 14* 

116 

1 14* 

**5 

1 15 

118 

120 

124 

n9 

120 

1*7-3 

121 

n9 

1 16 

118 

120 

Il8 

119 

125 

123 

120 

121 

122 

121-3 

1194 

1215 

122-6 

122-4 

121-9 

120-8 

1 2 1 "2 

122-0 

121-9 

123-2 

122-9 

123-7 

122-47 

1186 

123-4  124-7 

124*2 

124-8  122-6 

123-3 

124-3 

123-4 

124-9 

124-5 

125-0 
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U.  S.  COAST  AND  GEODETIC  SURVEY, 


DIFFERENTIAL  MEASURES — 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0-000109  in  parts  of  H.  All 

APRIL,  1884. 


[For  the  explanation  of  these  tables  see  pp.  53,  54. J 


Day. 

ih 

2h 

3h 

4h 

5h 

6b 

7h 

8b 

9b 

IOb 

nh  Noon. 

I 

129 

I23 

124 

124 

124 

128 

125 

128 

129 

127 

123 

i*7 

2 

128 

126 

128 

127 

128 

128 

128 

130 

*3* 

*3* 

129 

127 

3 

127 

128 

127 

127 

128 

128 

125 

125 

125 

123 

120 

119 

4 

129 

129 

132 

*37 

130 

129 

126 

123 

121 

122 

124 

124 

5 

128 

I29 

130 

128 

*3* 

*3* 

129 

*24 

121 

125 

126 

128 

6 

132 

*3* 

130 

*33 

*3* 

*3* 

129 

*25 

121 

* *9 

**9 

121 

7 

132 

*3* 

133 

*33 

*34 

*33 

*3* 

129 

129 

*3* 

128 

128 

8 

130 

*3* 

*3i 

*3* 

*3* 

*3* 

130 

129 

130 

127 

*25 

123 

9 

133 

132 

L*33] 

L 1 33  J 

:*33]  [134] 

[*32] 

[*30]  1 

[129] 

[*30] 

128 

128 

10 

132 

140* 

*37 

*37 

140* 

i3» 

130 

*35*  1 

[ 1 3 1 3 

129 

128 

127 

11 

1 19* 

123 

124 

128 

125 

128 

126 

124 

**9 

* * 7 

116 

118 

12 

125 

125 

*25 

128 

128 

126 

125 

123 

123 

121 

120 

120 

13 

128 

128 

*3* 

129 

130 

130 

127 

124 

124 

124 

*25 

127 

14 

*3* 

133 

*3* 

132 

132 

*33 

128 

125 

128 

128 

127 

127 

15 

125 

126 

126 

127 

127 

128 

126 

*25 

126 

130 

*3* 

128 

16 

129 

126 

129 

129 

126 

*3* 

129 

*25 

124 

123 

123 

121 

17 

130 

I29 

*35 

130 

*3* 

132 

125 

123 

119 

127 

126 

126 

18 

125 

125 

130 

128 

124 

*34 

*3* 

125 

122 

118 

1 12* 

109* 

19 

125 

126 

128 

130 

127 

125 

125 

123 

121 

**7 

**5 

116 

20 

124 

124 

128 

127 

128 

127 

122 

125 

124 

124 

122 

121 

21 

126 

127 

126 

126 

126 

126 

123 

122 

123 

124 

122 

121 

22 

128 

128 

128 

128 

128 

127 

122 

**9 

119 

[120]  | 

[**9]  [**9] 

23 

[*3<>] 

[130] 

[•32] 

[*32]  | 

[*32]  | 

[*33] 

[ * 3 1 ] 

[*3o] 

[129] 

130 

*3* 

130 

24 

128 

128 

130 

130 

*34 

*35 

132 

129 

127 

125 

ii5 

122 

25 

122 

120 

122 

1 18* 

1 16* 

117* 

117* 

i*7 

**9 

123 

121 

122 

26 

126 

127 

128 

130 

128 

130 

129 

130 

130 

128 

120 

117 

27 

*3* 

128 

129 

129 

129 

129 

126 

125 

124 

125 

125 

126 

28 

128 

*3* 

130 

130 

130 

130 

128 

127 

126 

127 

127 

128 

29 

130 

I29 

I29 

129 

129 

130 

128 

126 

123 

124 

122 

124 

30 

132 

132 

*33 

*35 

*35 

132 

128 

125 

129 

132 

128 

128 

Monthly? 
mean  $ 

1 28- 1 

128-2 

129-3 

129-5 

129-2 

129-8 

1271 

125*7 

124-9 

125-0 

123-2 

1 23- 1 

Normal 

1284 

127-8 

129-3 

129-9 

*29-3 

130-2 

1274 

I25'3 

124-9 

125-0 

123-6 

123-6 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory . 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

APRIL,  1884. 


I3h 

I4U 

i5h 

16k 

i7h 

1 8b 

1911 

20h 

2I*i 

22h 

23b 

Mid- 

night. 

Daily 

mean. 

1 14* 

1 16* 

122 

122 

124 

127 

126 

125 

127 

126 

125 

125 

I24*2d 

123 

122 

124 

123 

127 

127 

124 

126 

127 

123 

128 

128 

126*8 

119 

124 

123 

125 

125 

125 

126 

I24 

125 

128 

126 

128 

125*0 

125 

127 

129 

131 

130 

129 

129 

130 

131 

130 

130 

130 

128*2 

130 

129 

129 

131 

130 

129 

130 

I29 

131 

132 

131 

130 

128*8 

127 

129 

131 

130 

128 

128 

129 

132 

132 

132 

132 

131 

128*5 

131 

134 

i35 

134 

132 

131 

133 

*33 

134 

133 

133 

132 

1320 

127 

130 

132 

132 

13 1 

129 

130 

130 

131 

13 1 

132 

132 

129*8 

130 

130 

129 

130 

130 

130 

131 

131 

132 

132 

133 

132 

[131-0] 

130 

123 

128 

122 

126 

130 

127 

129 

126 

125 

123 

122 

[129*8] 

121 

122 

122 

124 

124 

123 

125 

125 

124 

123 

126 

129 

123*1 

122 

124 

127 

128 

127 

125 

126 

126 

128 

I29 

129 

129 

1254 

129 

127 

130 

130 

128 

123 

128 

130 

131 

131 

131 

132 

128*2 

129 

130 

125 

121 

120 

120 

1 16* 

115* 

117* 

1 14* 

120 

130 

1255 

130 

131 

129 

124 

1 16* 

120 

121 

124 

128 

130 

128 

130 

126*5 

124 

125 

122 

122 

125 

128 

126 

127 

121 

124 

129 

126 

125*6 

122 

119 

112* 

126 

1 12* 

107* 

1 10* 

1 14* 

128 

1 1 7* 

122 

123 

122*7 

1 14* 

117 

119 

123 

1 17* 

126 

122 

122 

I23 

130 

127 

141* 

123*5 

1 16* 

118 

122 

118 

122 

1 21 

129 

122 

123 

136 

125 

123 

1230 

124 

126 

126 

121 

123 

120 

121 

122 

122 

126 

123 

123 

123*9 

122 

128 

131 

129 

128 

130 

128 

127 

128 

128 

129 

129 

126*2 

[121]  [122]  [124]  [124]  [123]  [123] 

[124]  [125]  [127] 

[127]  [127]  [129] 

[124*2] 

130 

127 

130 

130 

130 

126 

128 

127 

130 

130 

132 

128 

[129*9] 

117 

1 16* 

120 

m* 

102* 

108* 

107* 

no* 

1 14* 

1 18* 

106* 

108* 

1197 

123 

124 

124 

123 

121 

122 

123 

123 

124 

125 

125 

I25 

121*5 

123 

123 

127 

123 

118 

1 16* 

119 

122 

124 

125 

126 

130 

125*0 

127 

125 

126 

126 

123 

126 

127 

124 

126 

127 

128 

129 

1267 

126 

133 

132 

133 

130 

125 

125 

127 

128 

128 

129 

130 

128*7 

128 

132 

132 

132 

130 

130 

130 

130 

13* 

131 

132 

132 

128*9 

126 

128 

128 

130 

133 

129 

130 

132 

135 

123 

1 13* 

1 13* 

128*7 

124*3 

125-4 

126*3 

125*9 

124-5 

124*4 

1250  125*4 

126*9 

1271 

126*7 

127*6 

126*36 

1254 

1260 

126*8 

126*4 

126*5 

126*0 

126*6 

126*8 

1277 

128*3 

127*9 

128*4 
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U.  S.  COAST  AND  GEODETIC  SURVEY, 


DIFFERENTIAL  MEASURES  — 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0-000109  in  parts  of  H.  All 

MAY,  1884. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

lh 

2h 

3h 

4h 

5h 

6h 

7h 

8h 

9h 

IOh 

II* 

Noon. 

, 

117* 

1 16* 

1 18* 

1 16* 

125 

124* 

122* 

122 

1 19* 

117* 

1 14* 

1 19* 

2 

128 

128 

128 

128 

128 

128 

126 

124 

124 

124* 

I24* 

124* 

3 

I3i 

133 

131 

131 

132 

133 

131 

128 

130 

130 

I29 

130 

4 

133 

131 

133 

133 

i34 

134 

130 

126 

129 

132 

132 

130 

5 

132 

134 

131 

132 

132 

132 

[130 

129 

129] 

130 

132 

132 

6 

132 

130 

133 

133 

i35 

136 

135 

136 

141* 

138 

137 

136 

7 

132 

135 

133 

132 

132 

133 

132 

129 

132 

134 

135 

135 

8 

132 

133 

133 

133 

J34 

134 

132 

129 

126 

124* 

126 

127 

9 

134 

133 

133 

134 

133 

132 

131 

129 

129 

131 

I30 

129 

10 

135 

134 

131 

132 

133 

130 

132 

137 

133 

134 

132 

127 

11 

129 

138 

132 

131 

131 

131 

129 

124 

121* 

127 

126 

127 

12 

130 

128 

125 

130 

129 

130 

128 

128 

127 

132 

I32 

129 

13 

129 

130 

130 

130 

130 

i*3° 

130 

128 

129 

132 

130 

130 

14 

133 

134 

133 

132 

132 

132 

131 

130 

129 

131 

134 

138 

15 

138 

134 

133 

133 

134 

132 

1 33 

134 

134 

138 

137 

138 

16 

138 

132 

132 

132 

133 

132 

132 

131 

132 

134 

135 

138 

17 

135 

133 

133 

133 

133 

135 

135 

135 

135 

137 

138 

137 

18 

133 

135 

134 

134 

134 

134 

132 

*3° 

132 

134 

137 

139 

19 

134 

142 

138 

134 

132 

134 

133 

J33 

136 

136 

136 

134 

20 

133 

133 

134 

134 

134 

132 

130 

130 

131 

133 

I32 

132 

21 

134 

134* 

134 

134 

135 

137 

137 

137 

137 

139 

136 

134 

22 

136 

138 

139 

137 

137 

133 

132 

131 

142* 

141 

134 

127 

23 

130 

129 

128 

129 

128 

130 

128 

129 

130 

132 

130 

128 

24 

133 

132 

131 

130 

131 

131 

128 

125 

128 

132 

132 

132 

25 

135 

134 

134 

133 

133 

133 

131 

127 

132 

134 

135 

137 

26 

137 

I36 

137 

138 

138 

138 

134 

132 

133 

135 

I36 

27 

136 

135 

135 

136 

136 

138 

136 

132 

129 

132 

139 

138 

28 

139 

136 

136 

136 

136 

136 

133 

132 

136 

136 

133 

134 

29 

134 

135 

134 

136 

139 

137 

136 

*35 

136 

138 

136 

136 

30 

134 

134 

133 

134 

134 

135 

134 

134 

136 

137 

136 

136 

3i 

140 

I40 

141 

139 

141 

142 

143* 

140* 

139 

138 

I4O 

137 

Monthly  £ 
mean  £ 

1331 

133-2 

132-6 

132*5 

133-2 

1332 

131-9 

130-6 

131-6 

i33'0 

I32-7 

132-5 

Normal 

1336 

133*8 

1331 

1331 

133-2 

1335 

131-8 

130-2 

i3I"6 

134-2 

1337 

i33'3 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory . 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

MAY,  1884. 


I311 

i4h 

*5h 

1 6“ 

I7h 

18* 

19b 

20h 

21  k 

22h 

23h 

Mid- 

night. 

Daily 

mean. 

121* 

122* 

121* 

125 

1 18* 

*25 

126 

126 

127 

128 

127 

128 

I2I-8d 

I29 

128 

129 

129 

129 

130 

*3* 

129 

128 

I30 

130 

130 

127-8 

132 

*3* 

132 

130 

129 

130 

*3* 

*3* 

*3* 

*3* 

132 

132 

130-9 

134 

135 

*35 

132 

130 

130 

132 

132 

*35 

*34 

*34 

*34 

132-3 

*3* 

*3* 

129 

127 

130 

*3* 

*3* 

*3* 

132 

132 

*33 

132 

[*3*‘o] 

133 

129 

127 

129 

132 

*33 

137 

*35 

138 

*34 

132 

132 

1339 

136 

138 

*35 

*35 

132 

129 

128 

129 

132 

*3* 

132 

*33 

1327 

132 

*34 

*35 

*34 

*34 

130 

132 

*34 

*34 

*34 

*34 

*34 

1318 

I29 

132 

*33 

*34 

*34 

*35 

136 

*39 

140 

*39 

140 

*38 

133-6 

1 1 3* 

121* 

1 18* 

125 

129 

129 

128 

130 

126 

126 

132 

*34 

129-2 

*34 

136 

126 

*25 

1 16* 

121 

124 

126 

*33 

124 

127 

136 

128-1 

124* 

126 

129 

128 

129 

129 

129 

130 

129 

130 

132 

130 

128-9 

130 

132 

*3* 

132 

129 

127 

130 

*3* 

132 

*34 

*34 

*3* 

*30-5 

136 

132 

*3* 

129 

128 

*3* 

132 

132 

*35 

132 

*34 

*35 

132-3 

135 

*35 

132 

130 

130 

129 

*25 

126 

*3* 

*3* 

132 

*37 

i33-o 

136 

135 

*33 

130 

128 

129 

130 

132 

132 

132 

132 

132 

132-6 

137 

*35 

130 

*3* 

129 

*3* 

132 

130 

130 

132 

*3* 

132 

*33*3 

140 

*39 

136 

132 

127 

126 

126 

128 

129 

128 

*33 

*33 

132-7 

133 

*33 

129 

126 

127 

126 

129 

*3* 

132 

132 

*33 

132 

132-7 

*3* 

*33 

*33 

132 

132 

132 

*33 

*33 

*33 

*33 

*34 

*34 

*32-5 

134 

130 

129 

130 

*3* 

132 

*3* 

132 

*33 

*33 

*34 

*34 

*33-8 

134 

136 

128 

128 

122 

1 19* 

1 10* 

1 13* 

1 19* 

127 

130 

130 

130- 1 

127 

132 

130 

128 

128 

128 

130 

*3* 

132 

*34 

*34 

130 

129-8 

137 

*35 

132 

130 

128 

129 

*3* 

132 

132 

*33 

*34 

*35 

i3i-4 

140 

142 

140 

*37 

*34 

*34 

*34 

*34 

*34 

*34 

134 

136 

134-6 

140 

140 

*37 

*34 

*3* 

*3* 

132 

*3* 

132 

*34 

*33 

*35 

1351 

139 

138 

138 

*34 

*3* 

130 

*33 

136 

*35 

*34 

*35 

*35 

*35-o 

137 

*37 

136 

*34 

*33 

132 

*33 

*34 

*35 

*34 

*34 

*35 

*34-9 

-*37 

*36 

*33 

132 

*34 

*33 

*34 

*33 

132 

*34 

*35 

*35 

*35-0 

135 

*34 

*35 

*34 

133 

*33 

*34 

*34 

*34 

*34 

*39 

*38 

*34-8 

138 

*35 

*35 

130 

130 

*3* 

130 

130 

126 

129 

*25 

128 

*353 

i33-o 

*333 

i3i*5 

*30-5 

1293 

129-5 

130-1 

130-8 

*3*7 

i3i-8 

132-7 

133-2 

*3*‘98 

1345 

1341 

132-3 

130-5 

1 30- 1 

129-8 

130-8 

*3**4 

132-1 

i3i-8 

1327 

1332 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hi  filar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0- 000109  in  parts  of  H.  All 

JUNE,  1884. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

ih 

2h 

3h 

4h 

5b 

6>> 

7h 

8b 

9* 

IOh 

1 1 b : 

Noon. 

1 

127 

123 

124 

124 

125 

*25 

*25 

127 

129 

129 

128 

128 

2 

123 

128 

127 

128 

128 

136 

137 

147* 

144* 

*38 

130 

*34 

3 

128 

130 

128 

129 

128 

*3* 

*3* 

130 

132 

*3* 

*3* 

132 

4 

130 

I29 

130 

*3* 

132 

129 

127 

126 

*3* 

138 

140 

143* 

5 

129 

130 

*3* 

132 

132 

*34 

132 

128 

126 

124 

129 

130 

6 

132 

132 

133 

132 

132 

*34 

*37 

140* 

140* 

*39 

*37 

132 

7 

130 

130 

130 

132 

*31 

*3* 

*33 

130 

128 

*3* 

132 

132 

8 

132 

*3* 

132 

*3* 

*33 

132 

*34 

*34 

132 

*3* 

132 

132 

9 

134 

135 

*35 

*35 

*33 

136 

132 

132 

*34 

*35 

*34 

*37 

10 

136 

134 

132 

132 

*34 

*33 

*34 

*33 

132 

*34 

*33 

*34 

11 

133 

132 

*33 

*35 

*34 

*34 

132 

*3* 

*3* 

136 

*37 

141 

12 

134 

134 

*34 

*34 

*33 

*33 

132 

*3* 

*33 

140 

138 

138 

13 

130 

133 

132 

*3* 

*3* 

132 

132 

128 

127 

127 

130 

132 

14 

*3* 

130 

*3* 

129 

130 

132 

132 

*36 

*34 

132 

132 

*34 

15 

132 

134 

*34 

*35 

*34 

*33 

*3* 

*3* 

132 

*33 

*35 

136 

16 

134 

134 

*35 

*34 

135 

*35 

130 

127 

128* 

127 

128 

130 

17 

139 

I42* 

*39 

*39 

140 

i45* 

*38 

140* 

*34 

*34 

*33 

132 

18 

139 

141* 

*44* 

*45* 

142* 

142* 

141* 

*38 

*38 

142* 

*37 

*34 

19 

124 

127 

129 

126 

126 

125 

124 

122 

*25 

127 

127 

129 

20 

133 

130 

130 

*3* 

132 

*3* 

128 

124 

124 

126 

126 

129 

21 

130 

130 

*3* 

*3* 

132 

*34 

*3* 

128 

128 

*34 

137 

*38 

22 

138 

132 

130 

136 

*38 

136 

*33 

*35 

136 

*34 

*33 

136 

23 

117* 

I44* 

120* 

127 

130 

126 

121* 

122 

124 

124 

126 

125 

24 

122* 

124 

124 

130 

126 

130 

130 

128 

127 

129 

129 

128 

25 

127 

129 

132 

128 

130 

*3* 

130 

129 

130 

128 

126 

126 

26 

*3* 

*3* 

*3* 

*3* 

132 

*31 

130 

128 

127 

130 

130 

*3* 

27 

129 

130 

132 

130 

130 

132 

132 

129 

130 

*3* 

127 

127 

28 

134 

134 

*38 

138 

*37 

*37 

138 

132 

*30 

*34 

*3* 

*34 

29 

133 

130 

*3* 

132 

*33 

*33 

*33 

*35 

*35 

136 

*34 

*36  , 

30 

133 

*34 

*34 

136 

*35 

*33 

128 

127 

130 

130 

*33 

132 

Monthly) 
mean  $ 

00 

6 

1319 

I3i*5 

1321 

*32-3 

132-9 

*31-6 

*30-9 

131*0 

1321 

131-8 

1327 

Normal 

*3*#6 

1307 

i3i*5 

*3**7 

*3*9 

1321 

131-6 

1297 

130-2 

*3**8 

131*8 

132-4 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

JUNE,  1884. 


I3h 

I4h 

*5h 

i6b 

i7h 

1 8b 

19b 

20h 

2Ib 

22h 

23b 

Mid- 

night. 

Daily 

mean. 

127 

126 

125 

122 

119 

122 

1 19* 

120* 

121 

121* 

123 

124 

I24*2<* 

130 

127 

120* 

117* 

120 

124 

125 

126 

121 

120* 

124 

126 

128-3 

129 

129 

125 

124 

125 

126 

126 

126 

127 

128 

129 

130 

128-5 

136 

132 

129 

127 

127 

130 

*3* 

*3* 

132 

*33 

*3* 

130 

*3*5 

132 

133 

130 

129 

126 

I29 

130 

*3* 

130 

132 

129 

*33 

1300 

137 

136 

136 

124 

124 

127 

130 

130 

*3* 

132 

132 

130 

132-9 

133 

133 

130 

128 

128 

129 

130 

130 

*3* 

*32 

132 

*3* 

130-7 

132 

132 

*3* 

132 

132 

132 

132 

*33 

*33 

*34 

*34 

*34 

132-4 

138 

137 

i33 

132 

126 

130 

*3* 

132 

*34 

*35 

136 

*37 

134-0 

135 

132 

*3* 

132 

*3* 

128 

129 

*3* 

*3* 

132 

*3* 

132 

1323 

139 

135 

132 

132 

132 

13* 

*3* 

132 

132 

132 

*33 

*34 

*33*5 

133 

134 

132 

129 

128 

127 

128 

130 

129 

126 

128 

129 

1320 

134 

135 

130 

123 

1 16* 

117* 

126 

128 

128 

130 

128 

130 

128-8 

134 

132 

127 

125 

125 

126 

128 

129 

*3* 

132 

*3* 

132 

130-6 

135 

134 

i33 

132 

130 

*3* 

132 

*33 

132 

132 

*33 

*33 

132-9 

130 

*3* 

132 

' 132 

132 

*33 

*33 

*34 

*33 

*37 

138 

*39 

*32-5 

135 

136 

i34 

134 

134 

136 

*38 

139* 

*38 

*34 

*38 

*39 

137-1 

138 

133 

i35 

134 

131 

117* 

124 

121 

127 

130 

127 

120* 

134-2 

129 

128 

128 

127 

126 

128 

130 

130 

132 

129 

128 

126 

127-2 

132 

134 

i35 

134 

132 

*3* 

130 

130 

*3* 

*3* 

*3* 

132 

1303 

139 

140 

i39 

136 

134 

132 

132 

*34 

*34 

135 

136 

138 

*33-9 

138 

136 

133 

137 

139* 

*34 

132 

122 

*3* 

136 

*38 

*33 

*34-4 

122* 

122* 

*3* 

126 

121 

1 18* 

120* 

120* 

122 

i*7* 

121* 

126 

1238 

126 

123* 

122* 

122 

123 

124 

*25 

125 

126 

*3* 

129 

128 

126-3 

126 

128 

128 

128 

127 

127 

127 

128 

129 

130 

130 

129 

128-5 

*3* 

132 

*3* 

128 

126 

127 

128 

129 

129 

127 

128 

129 

129-5 

133 

136 

136 

134 

130 

129 

129 

130 

*30 

*3* 

132 

*34 

131-0 

132 

^35 

i34 

*3* 

133 

*33 

132 

*32 

*3* 

*3* 

129 

*3* 

*33*4 

139 

134 

i33 

132 

130 

130 

*34 

132 

130 

*3* 

129 

*33 

132-8 

*3* 

134 

129 

130 

*3* 

128 

127 

127 

128 

127 

130 

128 

130-6 

132-8 

i32'3 

130-8 

129*1 

127-9 

1279 

129*0 

129-2 

129-8 

130-3 

130-6 

*3*‘° 

130-93 

1332 

1330 

i3i-5 

129-5 

1280 

1290 

129-6 

129-5 

129*8 

*3**5 

130-9 

i3*-4 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES- 

Rourly  readings  from  the  photographic  traces  of  the  bifilar 

[Local  mean  time.  200  divisions  pins  tabular  quantity,  one  division =0  000109  in  parts  of  H.  All 

JULY,  1884. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

I** 

2h 

3h 

4h 

5h 

6h 

7h 

8h 

9h 

IOh 

lib 

Noon. 

1 

131 

128 

129 

130 

130 

131 

132 

130 

131 

127 

126 

129 

2 

129 

131 

133 

134 

135 

135 

131 

129 

130 

[131]  [132]  [133] 

5 

4 

[122]  [123]  [123] 

[123]  [124]  [124] 

[122]  [120]  [120] 

[122] 

128 

126 

5 

122 

122 

122 

124 

125 

124 

122 

118 

121 

124 

I24 

123 

6 

124 

122 

122 

123 

123 

125 

125 

124 

H9 

121 

122 

126 

7 

127 

126 

126 

125 

125 

123 

122 

120 

126 

129 

132 

133 

8 

121 

I.I9 

124 

127 

129 

124 

126 

121 

120 

120 

I24 

126 

9 

128 

128 

128 

129 

129 

130 

126 

120 

117 

119 

124 

129 

10 

128 

130 

127 

129 

129 

128 

126 

124 

122 

123 

126 

130 

11 

127 

131 

132 

133 

131 

131 

133 

129 

130 

133 

132 

134 

12 

127 

128 

128 

129 

128 

129 

127 

121 

120 

122 

130 

132 

13 

129 

131 

132 

135 

138* 

138* 

132 

128 

124 

125 

1 33 

137 

H 

121 

127 

121 

124 

121 

123 

122 

122 

124 

124 

123 

122 

15 

125 

124 

125 

125 

125 

127 

128 

126 

128 

129 

128 

129 

16 

126 

132 

128 

126 

126 

125 

124 

119 

119  • 

122 

126 

126 

17 

127 

128 

127 

127 

127 

129 

1 29 

128 

128 

128 

127 

129 

18 

128 

126 

126 

128 

128 

128 

125 

125 

125 

130 

127 

124 

19 

134 

133 

133 

134 

134 

134 

132 

131 

130 

132 

132 

134 

20 

123 

123 

125 

123 

124 

123 

120 

1 14* 

1 14* 

120 

125 

128 

21 

126 

127 

126 

125 

126 

126 

124 

122 

125 

125 

123 

127 

22 

126 

126 

126 

127 

127 

128 

125 

119 

122 

124 

126 

127 

23 

129 

128 

128 

127 

129 

128 

126 

127 

132 

136* 

132 

128 

24 

129 

130 

130 

131 

132 

131 

128 

127 

130 

132 

132 

133 

25 

118 

130 

124 

125 

129 

127 

127 

126 

128 

128 

126 

126 

26 

124 

123 

125 

122 

126 

127 

126 

123 

121 

1 18 

119 

120 

27 

131 

130 

130 

129 

131 

130 

128 

125 

126 

129 

130 

128 

28 

127 

126 

128 

127 

128 

130 

130 

128 

125 

125 

128 

127 

29 

129 

132 

133 

133 

i34 

133 

132 

130 

130 

130 

131 

132 

30 

127 

127 

126 

127 

126 

127 

126 

124 

124 

!25 

126 

125 

3i 

127 

127 

128 

127 

128 

127 

122 

122 

124 

127 

130 

131 

Monthly ) 
mean  $ 

126-4  127-3 

127-2 

1276  128-2 

128-2 

126-6 

124-1 

124-5 

126-0 

127-5 

128-5 

Normal 

126-4  127-3 

127-2 

127-6  127-9  127-8 

126-6 

124-4 

124-9 

1257 

127-5  1285 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory . 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

JULY,  1884. 


1 3h 

I4h 

i5h 

i6b 

i7h 

i8b 

I9h 

20^ 

2Ih 

22b 

23b 

Mid- 

night. 

Daily 

mean. 

132 

I3S 

129 

130 

130 

129 

130 

128 

130 

I29 

130 

129 

i29-8d 

[>32] 

[■3‘] 

[I3°] 

[128] 

[127] 

>28] 

[129]  1 

>9]  1 

[•3°] 

[130]  [132]  [132] 

[130-9] 

123 

121 

119 

118 

116 

117 

122 

122 

122 

II9 

123 

122 

121-7 

121 

117 

117 

1 12* 

11 3* 

118 

119 

II9 

Il8 

n9 

122 

125 

1 20;  5 

125 

125 

122 

121 

117 

123 

125 

126 

128 

125 

128 

129 

123-8 

131 

131 

127 

127 

124 

121 

120 

126 

126 

125 

126 

123 

125-9 

126 

126 

123 

123 

122 

123 

124 

126 

126 

126 

128 

128 

1242 

130 

128 

126 

126 

127 

124 

123 

126 

127 

127 

128 

128 

1261 

126 

128 

120 

125 

124 

126 

128 

128 

129 

125 

127 

128 

1265 

134 

134 

131 

129 

124 

123 

126 

126 

120 

120 

124 

135 

129-2 

135 

129 

127 

125 

125 

126 

127 

126 

123 

123 

126 

127 

1267 

135 

I4I* 

138* 

hi* 

103* 

105* 

121 

123 

117 

1 12* 

132 

120 

126-7 

121 

1 2 1 

122 

118 

116 

118 

120 

122 

123 

124 

124 

129 

122-2 

129 

129 

129 

123 

123 

124 

125 

1 14* 

120 

124 

125 

126 

I25-4 

122 

122 

124 

119 

118 

122 

125 

125 

126 

127 

128 

128 

124-4 

128 

126 

127 

126 

127 

128 

128 

128 

128 

128 

127 

128 

127-6 

122 

122 

1 21 

122 

122 

126 

128 

130 

I29 

131 

133 

133 

126-6 

137* 

134 

131 

128 

121 

1 13* 

107* 

IO3* 

Il6 

122 

1 2 1 

123 

127-0 

126 

125 

124 

122 

119 

122 

123 

127 

127 

126 

126 

126 

123-1 

128 

124 

122 

122 

122 

122 

124 

126 

125 

127 

127 

126 

124-9 

126 

127 

129 

128 

129 

129 

127 

126 

125 

127 

128 

128 

126-3 

128 

127 

127 

125 

125 

126 

128 

127 

129 

130 

130 

130 

128-4 

132 

I29 

130 

129 

127 

128 

129 

126 

123 

118 

1 21 

121 

128-3 

126 

125 

123 

122 

117 

117 

no* 

11 3* 

117 

122 

123 

126 

123-1 

122 

125 

126 

126 

126 

127 

126 

132 

128 

130 

130 

128 

125-0 

124 

Il8 

122 

124 

125 

124 

127 

128 

128 

128 

125 

124 

126-8 

124 

122 

124 

125 

125 

125 

125 

128 

129 

129 

128 

128 

126-7 

130 

128 

I29 

128 

125 

125 

126 

126 

126 

126 

126 

126 

129-2 

120 

119 

124 

126 

124 

123 

126 

127 

127 

126 

127 

129 

125*3 

130 

126 

122 

121 

124 

124 

126 

127 

127 

129 

128 

125 

126-2 

127-5 

I26-5 

125-5 

123-6 

122-2 

122-9 

124-1 

1247 

I25-0 

125*1 

126-8 

127-0 

125-96 

127-2 

1260 

I25-I 

124-5 

I23-2 

123-9 

125-2 

126-3 

I25-0 

125-6 

126-8 

127-0 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES  — 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

i 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0-000109  in  parts  of  H.  A1 


AUGUST,  1884. 

[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

ih 

2h 

3h 

4h 

5h 

6h 

?h 

8h 

9h 

IOh 

nh  Noon. 

, 

126 

127 

128 

128 

129 

129 

126 

1 21 

125 

125 

123 

122 

2 

127 

127 

127 

126 

128 

129 

125 

122 

123 

1 21 

121 

124 

3 

129 

I27 

128 

128 

129 

131 

130 

130 

128 

125 

123 

122 

4 

127 

126 

125 

127 

125 

125 

123 

120 

125 

131 

132* 

132* 

5 

129 

128 

128 

129 

128 

130 

125 

121 

123 

123 

126 

127 

6 

130 

I29 

130 

130 

132 

130 

126 

120 

120 

1 21 

124 

128 

7 

132 

132 

131 

132 

132 

132 

125 

128 

129 

131 

132* 

i33* 

8 

130 

132 

131 

131 

132 

129 

130 

129 

128 

124 

101* 

1 19 

9 

127 

122 

131 

128 

126 

123 

I 21 

Il8 

Il8 

1 16 

115 

116 

10 

132 

124 

125 

126 

124 

124 

124 

120 

122 

122 

125 

123 

11 

130 

126 

125 

125 

126 

124 

123 

119 

123 

122 

122 

124 

12 

127 

127 

127 

128 

128 

127 

128 

126 

125 

124 

124 

123 

13 

126 

128 

128 

129 

130 

125 

122 

II9 

126 

128 

127 

123 

14 

127 

128 

130 

132 

129 

132 

129 

124 

122 

117 

1 18 

120 

15 

126 

125 

128 

126 

125 

126 

124 

n9 

Il8 

II9 

120 

121 

16 

123 

125 

124 

125 

124 

124 

120 

118 

125 

127 

126 

123 

17 

127 

126 

126 

126 

126 

126 

123 

121 

122 

123 

124 

124 

18 

128 

128 

128 

129 

129 

130 

123 

1 17 

119 

122 

126 

127 

19 

128 

128 

128 

128 

126 

127 

126 

124 

123 

124 

125 

124 

20 

130 

130 

130 

130 

129 

128 

124 

128 

134* 

138* 

139* 

136* 

21 

128 

126 

131 

125 

123 

122 

120 

122 

124 

125 

120 

119 

22 

124 

120 

122 

124 

125 

120 

123 

122 

1 16 

IIO* 

114 

114 

23 

119 

125 

124 

122 

121 

122 

120 

H7 

1 16 

1 16 

Il8 

1 16 

24 

125 

126 

125 

127 

124 

124 

122 

123 

123 

1 21 

ll9 

120 

25 

121 

122 

123 

124 

125 

125 

126 

124 

122 

II9 

120 

121 

26 

127 

126 

126 

127 

127 

126 

122 

119 

119 

1 2 1 

122 

122 

27 

127 

122 

123 

124 

124 

124 

120 

1 16 

Il6 

Il6 

119 

121 

28 

124 

124 

124 

125 

126 

124 

Il8 

1 14 

114 

117 

Il8 

1 18 

29 

124 

124 

124 

124 

126 

125 

1 2 1 

116 

1 18 

1 21 

124 

126 

30 

126 

125 

124 

125 

126 

126 

124 

1 19 

1 17 

1 18 

1 1 8 

120 

3i 

127 

127 

126 

127 

128 

128 

126 

122 

II9 

Il8 

”9 

125 

Monthly ) 
mean  $ 

j 126-9  126-2 

126-8 

127-0  126-8  126-4 

123-8 

121*2 

1220 

1 22*1 

1 22*1 

1230 

Normal 

I 126-9  126-2  126-8 

127-0 

126-8  126-4 

OO 

fO 

N 

121*2 

121*6 

122-0 

121*5 

121-8 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory . 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  forced 

AUGUST,  1884. 


I3h 

I4h 

I5h 

l6h 

17b 

1 8b 

I9h 

20h 

2Ih 

22h 

23b 

'Mid- 

night. 

Daily 

mean. 

120 

1 17 

1 16 

120 

1 2 1 

126 

128 

126 

126 

126 

128 

128 

I24'6d 

120 

121 

126 

127 

128 

I29 

127 

130 

I29 

128 

127 

128 

125-8 

124 

124 

128 

126 

126 

128 

128 

130 

I29 

I29 

128 

129 

127-5 

130 

132 

*33* 

128 

125 

127 

127 

127 

127 

128 

I29 

129 

127-5 

125 

126 

128 

127 

I24 

127 

126 

126 

128 

130 

130 

130 

126-8 

129 

129 

129 

127 

129 

I30 

134* 

134* 

133 

132 

132 

132 

1288 

131 

127 

124 

123 

125 

127 

129 

130 

127 

128 

121 

126 

1286 

124 

122 

120 

1 1 2* 

no* 

Il8 

123 

122 

125 

127 

128 

127 

1239 

119 

1 12* 

1 17 

Il6 

120 

119 

117 

119 

125 

127 

126 

125 

121*0 

119 

122 

1 1 6 

122 

122 

I24 

124 

122 

126 

126 

125 

126 

1235 

128 

128 

131 

129 

125 

124 

125 

127 

126 

126 

126 

126 

I25-4 

124 

121 

121 

119 

Il6 

124 

124 

127 

123 

130 

132 

128 

1251 

125 

127 

126 

122 

124 

126 

125 

125 

125 

128 

128 

126 

I25-8 

125 

119 

124 

126 

125 

125 

122 

122 

126 

122 

125 

125 

124-8 

121 

121 

120 

120 

I 21 

123 

123 

1 2 1 

120 

123 

123 

122 

122-3 

122 

120 

119 

120 

1 2 1 

123  • 

124 

124 

124 

124 

125 

125 

1231 

125 

126 

127 

127 

125 

125 

126 

126 

125 

126 

126 

131 

125-4 

128 

128 

129 

126 

122 

123 

124 

125 

127 

126 

126 

126 

125-7 

125 

126 

126 

126 

125 

130 

130 

128 

128 

I29 

130 

129 

126-8 

133* 

130 

126 

117 

122 

122 

124 

122 

120 

1 1 2* 

122 

122 

127-0 

1 17 

1 13* 

104* 

1 12* 

Il6 

120 

122 

122 

120 

123 

1 18 

1 1 2* 

120-2 

105* 

108* 

109* 

1 12* 

117 

119 

120 

120 

Il8 

120 

Il8 

119 

117*5 

117 

119 

121 

122 

122 

122 

120 

123 

124 

124 

125 

125 

120-8 

119 

1 17 

118 

123 

1 2 1 

122 

122 

1 2 1 

125 

122 

121 

I23 

122-2 

124 

126 

128 

126 

126 

125 

124 

127 

126 

126 

126 

126 

124-3 

124 

124 

124 

123 

122 

1 21 

120 

120 

123 

123 

122 

I23 

123-0 

121 

120 

119 

II9 

120 

123 

125 

125 

125 

125 

125 

124 

121-8 

119 

120 

121 

123 

123 

126 

126 

125 

126 

124 

120 

121 

I217 

128 

128 

127 

127 

127 

127 

126 

126 

122 

122 

123 

!25 

I24-2 

123 

127 

128 

129 

I29 

128 

127 

126 

127 

126 

128 

127 

I247 

127 

129 

126 

122 

123 

125 

124 

125 

126 

I24 

125 

126 

124-8 

123-3  122-9 

122-9 

122-5 

122-6 

124*5 

124-7 

124-9 

I25-2 

I25-4  125-4  I25-5 

124*34 

123-6  I24-I 

123-7 

I23  6 I23-I 

124*5 

124-4  I24*6  125-2 

125-8  125-4  126-0 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0-000109  in  parts  of  H.  All 

SEPTEMBER,  1884. 

[For  the  explanation  of  these  tables  see  pp.  53,54.] 


Day. 

1* 

2b 

3b 

4h 

5h 

6h 

7h 

8h 

9h 

ioh 

nh 

Noon. 

1 

126 

124 

125 

126 

125 

124 

122 

120 

119 

117 

121 

124 

2 

126 

126 

126 

127 

127 

127 

122 

120 

121 

125 

128* 

130* 

3 

125 

I24 

125 

126 

125 

124 

1 18 

”9 

120 

122 

123 

123 

4 

124 

124 

124 

124 

125 

124 

118 

113 

114 

115 

120 

124 

5 

126 

126 

127 

127 

127 

125 

122 

118 

”9 

120 

122 

127 

6 

124 

126 

126 

126 

125 

124 

118 

114 

hi 

114 

”3 

118 

7 

127 

126 

126 

127 

127 

128 

126 

121 

116 

1 14  * 

116 

118 

8 

124 

124 

124 

123 

123 

122 

120 

ii5 

109 

IO9 

112 

117 

9 

126 

125 

124 

125 

125 

I24 

123 

120 

1 17 

113 

114 

117 

10 

120 

Il8 

121 

120 

119 

120 

11 7 

114 

1 18 

117 

118 

120 

11 

119 

1 12* 

117 

117 

120 

Il6 

120 

118 

120 

122 

123 

122 

12 

120 

1 2 1 

122 

120 

121 

122 

119 

1 17 

1 17 

Il8 

”9 

119 

13 

129 

II9 

120 

124 

126 

123 

124 

122 

121 

124 

122 

114 

14 

104* 

108* 

126 

117 

Il8 

119 

119 

116 

ii7 

115 

116 

112 

15 

116 

Il8 

119 

118 

II 9 

117 

n4 

hi 

112 

113 

114 

117 

16 

121 

120 

120 

120 

120 

Il8 

113 

108 

109 

112 

”5 

1 16 

17 

125 

119 

124 

127 

126 

123 

119 

114 

1 12 

113 

118 

1 13 

18 

109* 

III* 

104* 

107* 

IO9* 

IO4* 

102* 

103* 

104* 

102* 

97* 

107* 

19 

hi* 

113 

114 

1 12* 

115 

114 

113 

109 

107 

106* 

no 

112 

20 

116 

117 

118 

118 

Il6 

1 16 

11 3 

108 

104* 

IO4* 

105* 

109 

21 

118 

1 18 

119 

118 

119 

117 

117 

no 

106* 

105* 

106* 

107* 

22 

120 

Il6 

118 

118 

119 

II9 

117 

“3 

hi 

IO9 

108* 

no 

23 

118 

119 

120 

122 

122 

120 

1 17 

1 1 1 

106* 

IO3* 

106* 

109 

24 

120 

122 

121 

122 

121 

120 

117 

112 

IIO 

I IO 

114 

1 16 

25 

121 

122 

123 

124 

126 

124 

122 

117 

116 

Il6 

118 

119 

26 

118 

119 

119 

122 

120 

1 21 

119 

117 

118 

120 

119 

122 

27 

122 

123 

123 

124 

124 

123 

122 

122 

122 

123 

125 

125 

28 

121 

121 

120 

121 

121 

122 

120 

120 

122 

126 

125 

123 

29 

120 

120 

120 

121 

122 

120 

120 

120 

119 

Il8 

118 

117 

30 

126 

130 

126 

128 

128 

I32* 

122 

125* 

127* 

127* 

126 

121 

Monthly ) 
mean  £ 

120-7 

120-4 

121*4 

121-8 

1220 

121*1 

1 1 8*5 

115*6 

114*8 

ii5*i 

116*4 

117*6 

Normal 

122*1 

121*5 

122*0 

122*7 

122*4 

121*3 

119*1 

115*7 

115*9 

1 16*5 

1 1 8*4 

117  6 
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HORIZONTAL  INTENSITY  Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

SEPTEMBER,  1884. 


I3h 

Hh 

I5h 

i6h 

i7h 

i8h 

i9h 

20h 

2Ih 

22h 

23h 

Mid- 

night. 

Daily 

mean. 

126 

128 

127 

125 

124 

124 

124 

124 

I23 

125 

126 

126 

I24-Od 

131* 

126 

125 

127 

129 

129 

124 

123 

123 

127 

126 

125 

125-8 

124 

122 

123 

124 

124 

124 

123 

125 

126 

125 

1 2S 

126 

1235 

126 

127 

125 

123 

123 

123 

123 

123 

125 

125 

125 

126 

122-6 

130* 

131* 

13°* 

130* 

127 

125 

127 

129 

125 

122 

124 

118 

I252 

122 

125 

124 

125 

124 

124 

124 

124 

124 

125 

125 

128 

122-2 

120 

120 

122 

123 

125 

124 

124 

124 

122 

122 

125 

124 

122-8 

120 

123 

126 

125 

124 

124 

124 

124 

124 

124 

124 

125 

121*2 

121 

124 

126 

128 

128 

126 

121 

121 

121 

124 

122 

116 

1221 

121 

118 

109* 

1 21 

116 

118 

ns 

US 

II4 

113 

123 

126 

Il8o 

120 

117 

116 

117 

119 

120 

120 

119 

II9 

119 

120 

124 

II90 

118 

120 

119 

120 

119 

116 

1 17 

118 

II9 

Il8 

1 16 

”3 

II87 

114 

114 

1 12 

108* 

106* 

103* 

100* 

106* 

1 14 

IO4* 

105* 

101* 

114-8 

112 

109* 

104* 

IO4* 

104* 

108* 

112 

no* 

”3 

112 

1 1 1* 

"5 

II2‘5 

116 

116 

“5 

II4 

ii5 

116 

118 

118 

II9 

I 19 

121 

120 

II65 

118 

120 

120 

120 

119 

121 

124 

124 

125 

125 

127 

126 

II92 

no 

112 

106* 

89* 

100* 

92* 

73* 

80* 

97* 

90* 

87* 

89* 

1066 

106* 

1 12 

108* 

108* 

106* 

108* 

1 10* 

112 

ii5 

IO3* 

114 

1 IS 

107-3 

1 14 

116 

114 

11 3 

112 

ns 

114 

”5 

116 

"5 

114 

117 

113-0 

112 

112 

no* 

107* 

1 10* 

115 

ii7 

117 

117 

117 

1 17 

117 

1130 

hi 

”5 

116 

117 

114 

112 

”3 

117 

116 

Il8 

122 

119 

1 146 

hi 

”3 

1 16 

1 16 

116 

116 

117 

1 16 

1 17 

I 17 

120 

118 

”5  5 

114 

119 

122 

122 

121 

120 

120 

120 

121 

1 21 

121 

121 

1173 

117 

120 

121 

122 

120 

120 

121 

121 

121 

1 2 1 

121 

120 

1 18-8 

119 

121 

122 

122 

120 

120 

120 

120 

1 17 

Il8 

120 

120 

120-3 

124 

124 

123 

121 

120 

121 

122 

121 

122 

122 

121 

122 

1207 

124 

122 

120 

120 

121 

123 

124 

125 

124 

122 

122 

122 

122*8 

119 

114 

117 

116 

116 

”9 

120 

120 

121 

1 21 

120 

120 

120*2 

116 

116 

116 

122 

122 

125 

125 

126 

125 

126 

126 

126 

1 21*1 

118 

116 

116 

117 

118 

121 

121 

123 

120 

1 2 1 

122 

123 

1 23*  I 

118-5  II9'1  n8’3 

1 1 8'2 

118-1 

118-4 

117-9  H87  119-5 

118-7  H9'7 

119-6 

118-75 

1 1 80 

1190 

1 20- 1 

I 20-8 

120-6 

120-8 

120-5 

1209 

120-3 

120-9 

121-8 

1214 

H,  Ex.  43,  pt.  2—11 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0 000109  in  parts  of  H.  All 

OCTOBER,  1884. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

ih 

2h 

3h 

4h 

5h 

6h 

7h 

8^ 

9b 

IOh 

nh 

Noon. 

I 

121 

123 

122 

122 

122 

121 

119 

119 

121 

122* 

122* 

122* 

2 

103* 

IOO* 

95* 

IOI* 

104* 

104* 

106* 

86* 

IOO* 

109 

in 

109 

3 

104* 

106* 

107* 

109 

108* 

108* 

105* 

102* 

102* 

106 

109 

no 

4 

114 

1 1 2 

.114 

113 

114 

1 12 

1 12 

106 

103* 

io5 

106 

106 

5 

114 

1 2 1 

116 

116 

1 16 

1 12 

"3 

no 

106 

103* 

104 

106 

6 

112 

”3 

114 

”9 

117 

117 

1 16 

114 

112 

1 13 

in 

no 

7 

112 

114 

”5 

1 16 

1 17 

114 

in 

106 

98* 

102* 

IOO* 

105 

8 

116 

Il6 

117 

1 17 

118 

Il6 

1 16 

112 

108 

93* 

104 

104 

9 

117 

Il8 

119 

119 

”9 

Il8 

119 

118 

ii5 

108 

112 

109 

10 

”5 

1 16 

11 7 

1 17 

”5 

”5 

115 

"3 

108 

109 

109 

109 

11 

118 

1 17 

118 

1 18 

1 18 

117 

1 16 

115 

114 

114 

112 

113 

12 

118 

Il8 

119 

119 

1 19 

1 19 

1 16 

115 

”5 

118 

120 

122* 

13 

120 

II9 

118 

118 

1 1 8 

117 

116 

114 

113 

”5 

116 

118 

14 

108 

106* 

1 15 

ii5 

116 

1 17 

117 

116 

113 

120 

120 

"5 

15 

hi 

n9 

114 

119 

117 

1 18 

116 

in 

1 10 

114 

114 

”3 

16 

1 13 

114 

115 

ii5 

ii5 

Il6 

114 

112 

112 

112 

114 

114 

17 

”3 

ii5 

119 

120 

124 

117 

112 

114 

1 10 

112 

112 

113 

18 

118 

118 

118 

117 

1 18 

117 

116 

114 

in 

in 

no 

114 

19 

121 

122 

120 

120 

1 17 

119 

1 19 

116 

in 

108 

1 10 

in 

20 

120 

120 

120 

119 

121 

120 

119 

120 

118 

117 

118 

ii7 

21 

124 

121 

120 

121 

120 

Il8 

121 

118 

123* 

119 

116 

116 

22 

120 

119 

123 

120 

121 

120 

119 

116 

116 

ii5 

ii5 

114 

23 

119 

n9 

121 

120 

1 19 

119 

118 

116 

1 15 

114 

112 

1 13 

24 

120 

121 

122 

121 

122 

1 21 

119 

116 

114 

in 

in 

114 

25 

1 10 

I!3 

113 

1 16 

1 16 

Il6 

1 17 

116 

113 

1 10 

109 

in 

26 

116 

119 

119 

119 

1 16 

120 

116 

114 

1 13 

no 

”3 

114 

27 

1 18 

118 

120 

120 

120 

120 

1 18 

116 

ii5 

113 

”3 

113 

28 

1 23 

120 

119 

119 

120 

124 

123 

121 

122 

121 

120 

122* 

29 

no 

114 

113 

1 16 

116 

Il8 

120 

121 

114 

112 

112 

113 

30 

113 

114 

114 

ii5 

ii5 

Il6 

115 

1 13 

no 

no 

109 

108 

3i 

118 

n7 

118 

118 

1 17 

117 

118 

116 

114 

in 

no 

112 

Monthly! 
mean  $ 

II5-4 

116-2 

1166 

117-2 

1173 

II69 

1160 

ii3-4 

1 1 1*9 

1 1 1"5 

1121 

112-6 

Normal 

1163 

117-5 

1176 

CO 

L. 

►1 

1180 

II7-6 

n6-8 

114-8 

113-2 

112-5 

112*1 

m-6 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

OCTOBER,  1884. 


1 3h 

I4h 

!5h 

l6h 

1711 

i8h 

i9h 

20h 

2Ih 

22b 

23h 

Mid- 

night. 

Daily 

mean. 

121 

121 

130* 

127* 

124 

126* 

84* 

80* 

78* 

91* 

91* 

90* 

”3*3d 

104* 

96* 

88* 

88* 

«3* 

82* 

78* 

88* 

94* 

164* 

109 

105* 

97*8 

112 

1 10 

1 10 

109 

109 

107 

108 

hi 

1 1 2 

III 

112 

114 

108-4 

108 

IIO 

107 

105* 

105* 

106 

in 

1 12 

114 

”3 

1 13 

”3 

1098 

”3 

”5 

H7 

118 

116 

xx5 

”3 

106 

IIO 

IIO 

hi 

in 

112*2 

IIO 

IIO 

”3 

109 

108 

107 

103* 

IOI* 

102* 

104* 

103* 

IIO 

110-3 

104* 

106 

IIO 

hi 

W3 

in 

114 

11 3 

”5 

”5 

”5 

”5 

1105 

IIO 

”3 

116 

”5 

116 

116 

114 

114 

”5 

114 

117 

1 17 

ii3'i 

1 1 2 

”5 

”5 

116 

n7 

”9 

11 7 

hi 

108 

hi 

112 

114 

114-9 

1 1 2 

xx3 

1 15 

”5 

114 

”5 

”3 

”3 

”5 

”5 

116 

1 16 

113-8 

114 

1 15 

1 16 

1 18 

118 

118 

1 18 

118 

1 18 

118 

118 

117 

1 16-5 

123* 

122  . 

121 

1 18 

H7 

118 

120 

”9 

119 

1 18 

118 

119 

1 18-8 

II9 

118 

1 18 

1 19 

”5 

112 

116 

117 

1 18 

1 17 

109 

106* 

1 1 6-i 

114 

”5 

in 

108 

104* 

104* 

104* 

106 

109 

112 

112 

1 13 

1 12'  I 

IO9 

109 

105* 

107 

108 

109 

”3 

IIO 

1 12 

hi 

IIO 

”5 

1 12-2 

114 

”3 

112 

H3 

”5 

117 

1 17 

117 

117 

1 16 

117 

121 

II4-8 

Il6 

117 

117 

118 

118 

n7 

116 

118 

1 17 

1 17 

118 

118 

116-2 

Il8 

120 

120 

120 

n9 

1 1 6 

118 

1 17 

116 

118 

116 

121 

1167 

H4 

117 

1 17 

118 

n9 

120 

119 

120 

120 

120 

121 

120 

”7*5 

1 17 

120 

122 

n9 

”9 

118 

118 

118 

118 

11 7 

11 7 

121 

118-9 

116 

116 

1 17 

118 

118 

n7 

118 

118 

118 

119 

120 

120 

n8-8 

”5 

1 16 

117 

119 

120 

120 

H9 

n9 

119 

119 

119 

120 

”8-3 

1 r3 

114 

116 

117 

H7 

118 

n9 

119 

119 

119 

119 

120 

”7*3 

116 

1 17 

n9 

118 

117 

118 

117 

112 

105* 

102* 

106 

105* 

115-2 

114 

114 

”3 

IIO 

108 

109 

hi 

112 

”3 

1 14 

”5 

”5 

112-8 

107 

1 14 

”5 

114 

”3 

114 

”5 

114 

”5 

”5 

114 

”5 

1148 

”3 

116 

1 18 

120 

120 

120 

121 

118 

116 

1 16 

116 

118 

1173 

119 

119 

118 

116 

”3 

112 

”4 

1 12 

114 

112 

109 

1 10 

117-6 

xx3 

107 

107 

109 

108 

IIO 

hi 

hi 

1 10 

109 

”5 

112 

”2-5 

109 

IIO 

112 

1 14 

116 

117 

118 

117 

”3 

”5 

”3 

116 

”3*4 

114 

”5 

n7 

n9 

120 

120 

120 

119 

121 

119 

119 

120 

1170 

”3*3 

1140 

U4*5 

1144 

113*8 

113-8 

112-8 

112-3 

112-6 

”3*3 

”3*5 

114-4 

”4*i5 

113-6  146-6  115*2 

115-2 

”5*5 

1149 

xx5*9 

”47 

1152 

115-2 

114-7  ”6*3 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division— 0 000109  in  parts  of  H.  All 

NOVEMBER,  1884. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

ib 

2h 

3h 

4h 

5h 

6h 

7b 

8h 

9b 

IOh 

nh  Noon. 

! 

120 

II9 

121 

123 

122 

124 

122 

122 

in 

123* 

118 

118 

2 

114 

II4 

"5 

in 

108 

”3 

116 

118 

108 

104 

89* 

79* 

3 

84* 

96* 

109 

116 

99* 

n 7 

106* 

106* 

109 

107 

108 

105 

4 

108 

Il6 

108 

108 

108 

108* 

109 

108 

107 

105 

105 

108 

5 

hi 

III 

“3 

in 

112 

in 

112 

no 

107 

104 

103 

104 

6 

114 

II4 

114 

114 

113 

114 

I!3 

112 

in 

in 

109 

108 

7 

117 

115 

116 

116 

118 

116 

116 

04 

114 

109 

108 

109 

8 

1 17 

1 16 

116 

116 

”5 

118 

120 

122 

118 

in 

109 

109 

9 

117 

115 

119 

”5 

116 

1 18 

118 

ii5 

114 

113 

in 

"5 

10 

US 

115 

116 

116 

116 

117 

ii5 

114 

112 

112 

108 

no 

11 

no 

112 

”5 

122 

120 

114 

118 

11 3 

1 10 

108 

107 

107 

12 

ii5 

1 16 

114 

”5 

1 16 

1 16 

116 

1 17 

”5 

112 

108 

109 

13 

1 17 

119 

120 

119 

120 

120 

121 

118 

117 

116 

H4 

116 

14 

1 17 

I l8 

1 18 

120 

117 

119 

120 

121 

116 

114 

”3 

104 

15 

118 

119 

118 

118 

119 

119 

118 

116 

114 

in 

hi 

no 

16 

119 

120 

122 

123 

122 

124 

123 

120 

116 

113 

113 

114 

17 

120 

122 

122 

121 

122 

122 

118 

1 17 

112 

113 

no 

109 

18 

122 

117 

116 

116 

”5 

"5 

116 

116 

1 16 

114 

109 

109 

19 

118 

Il8 

118 

117 

120 

121 

119 

120 

1 15 

114 

in 

109 

20 

1 18 

II9 

120 

118 

n 7 

120 

120 

119 

121 

116 

113 

113 

21 

1 17 

122 

118 

118 

118 

120 

119 

117 

ns 

no 

109 

109 

22 

118 

Il8 

119 

119 

119 

121 

121 

120 

120 

”5 

114 

114 

23 

119 

1 17 

119 

119 

120 

121 

123 

124 

124* 

114 

1 13 

115 

24 

1 16 

1 16 

116 

116 

1 16 

118 

118 

113 

115 

1 16 

in 

113 

25 

no 

112 

114 

"5 

1 16 

117 

117 

120 

118 

ii5 

112 

108 

26 

114 

115 

114 

”5 

116 

117 

117 

1 17 

US 

"3 

no 

no 

27 

117 

117 

n 7 

118 

118 

118 

118 

”9 

1 17 

in 

106 

106 

28 

102* 

102* 

109 

112 

117 

114 

109 

1 10 

108 

105 

IOI 

100 

29 

114 

I IO 

in 

”3 

114 

114 

116 

1 13 

115 

1 10 

107 

106 

30 

108 

I IO 

112 

117 

”5 

1 16 

118 

ii7 

1 16 

ii5 

112 

108 

Monthly? 
mean  ) 

114-2 

115-0 

1 1 6-o 

1 1 6-6 

1161 

117-4 

117-1 

116-3  1142 

m-8 

109-1 

1085 

Normal 

ii57 

1 1 6- 1 

1160 

n6-6 

116-7  !I77 

117-4 

1 1 6-6 

113-9 

111-4  109-8  109-5 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  nutubers  indicate  increasing  force.] 

NOVEMBER,  1884. 


I3h 

i4h 

I5h 

i6h 

17b 

18“ 

I9h 

20h 

21^ 

22h 

23b 

Mid- 

night. 

Daily 

mean. 

I 17 

114 

120 

118 

116 

123 

”3 

115 

no 

108 

103* 

no 

1 17*1 d 

69* 

73* 

75* 

74* 

70* 

77* 

80* 

75* 

72* 

74* 

80* 

77* 

91-0 

106 

105 

102* 

98* 

89* 

95* 

96* 

IOI* 

100* 

100* 

105* 

103* 

102*6 

IO9 

108 

113 

113 

III 

in 

109 

109 

112 

112 

no 

in 

109-4 

106 

107 

108 

109 

112 

113 

114 

113 

114 

II4 

ii5 

ii5 

110-4 

IO9 

109 

108 

116 

112 

ii5 

116 

116 

116 

115 

ii5 

116 

112-9 

no 

1 1 1 

114 

”5 

1 17 

117 

1 16 

ii5 

114 

II4 

116 

116 

114-3 

hi 

112 

no 

1 14 

1 1 6 

114 

105* 

in 

in 

IO9 

no 

ii5 

113-5 

ii5 

114 

114 

112 

1 1 1 

104* 

108 

109 

no 

112 

113 

in 

113-3 

109 

109 

106 

108 

114 

122 

113 

112 

no 

III 

109 

112 

112*5 

109 

109 

113 

114 

115 

116 

117 

116 

116 

Il6 

H5 

ii5 

113-6 

no 

114 

!I5 

1 16 

116 

”3 

114 

114 

ii5 

II4 

116 

116 

114-3 

116 

1 16 

117 

117 

117 

117 

117 

118 

n8 

Il8 

121 

118 

117-8 

114 

114 

114 

ii5 

116 

116 

117 

117 

118 

Il8 

118 

118 

116-3 

in 

114 

117 

119 

118 

119 

119 

120 

119 

II9 

119 

120 

116-9 

ii5 

116 

118 

120 

120 

122 

123 

123 

121 

122 

123 

123 

119-8 

109 

108 

no 

in 

113 

113 

113 

112 

113 

113 

113 

112 

114-5 

109 

1 1 1 

112 

in 

114 

113 

114 

116 

114 

Il6 

119 

118 

114-5 

105 

108 

112 

no 

115 

117 

117 

117 

117 

117 

117 

117 

115-4 

114 

ii5 

n 7 

120 

120 

119 

118 

117 

118 

117 

117 

118 

1177 

hi 

1 14 

117 

118 

117 

116 

117 

119 

119 

Il8 

116 

116 

II 6-3 

116 

118 

120 

121 

122 

122 

122 

122 

120 

120 

116 

118 

119-0 

114 

ii5 

109 

112 

US 

116 

112 

112 

109 

112 

112 

ii5 

1159 

in 

1 1 1 

112 

114 

113 

116 

117 

116 

116 

113 

112 

114 

1145 

109 

in 

114 

114 

ii5 

116 

116 

”5 

114 

II4 

114 

114 

114-2 

112 

1 14 

115 

116 

117 

118 

118 

118 

118 

117 

117 

117 

115*4 

109 

ii5 

116 

117 

”3 

in 

no 

107 

103* 

97* 

97* 

96* 

111-4 

IOI* 

106 

109 

in 

hi 

in 

112 

113 

114 

in 

108 

109 

108-6 

107 

109 

107 

in 

112 

113 

112 

112 

112 

in 

112 

108 

m-2 

ii5 

118 

116 

116 

115 

114 

114 

114 

113 

114 

112 

119 

1143 

109-3 

1 io-6 

111-7 

1 12-7 

1127 

113-6 

113-0 

113-1 

112-5 

1 12*2 

n 2-3 

112-9 

113-29 

1 no 

111-9 

”3-3 

114-6 

ns*i 

1 1 60 

1151 

114-9 

114-8 

114-6 

114.8 

115-2 
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U.  S.  COAST  AND  GEODETIC  SURVEY, 


DIFFERENTIAL  MEASURES— 


Hourly  readings  fr<yn  the  photographic  traces  of  the  hifilar 


[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0-000109  in  parts  of  H.  All 


DECEMBER,  1884. 


[For  the  explanation  of  these  tables  see  pp.  53, 54.] 


Day. 

ih 

2h 

3h 

4h 

5h 

6h 

7h 

8* 

9h 

IOh 

nh  Noon. 

1 

114 

114 

ii5 

ii5 

117 

114 

118 

116 

113 

in 

109 

108 

2 

”3 

114 

114 

ii5 

116 

116 

116 

ii5 

1 13 

112 

108 

no 

3 . 

113 

114 

116 

ii5 

115 

ii5 

116 

116 

1 16 

116 

1 14 

1 13 

4 

116 

Il6 

1 17 

1 17 

117 

1 17 

1 17 

116 

1 16 

1 14 

1 10 

no 

5 

1 17 

Il6 

ii5 

116 

116 

ii7 

1 17 

117 

1 17 

113 

no 

in 

6 

116 

117 

118 

1 18 

119 

119 

120 

121 

120 

ii5 

in 

no 

7 

1 16 

1 16 

1 17 

118 

119 

119 

120 

121 

120 

117 

1 14 

113 

8 

Ii5 

113 

ii5 

1 16 

1 16 

ii5 

1 12 

1 16 

1 14 

1 1 1 

105 

103 

9 

113 

1 12 

114 

ns 

i*S 

118 

118 

118 

116 

in 

108 

108 

10 

114 

114 

1 16 

117 

1 1 8 

1 18 

1 1 8 

116 

114 

ii5 

1 12 

no 

11 

109 

no 

ii5 

115 

1 16 

1 17 

119 

121 

1 18 

112 

104 

no 

12 

112 

1 1 2 

1 12 

114 

1 16 

116 

118 

1 18 

114 

in 

109 

no 

13 

ii5 

Il6 

116 

115 

116 

ii7 

116 

116 

ii5 

in 

no 

113 

14 

116 

1 1 2 

114 

114 

114 

1 13 

116 

114 

116 

112 

109 

H4 

IS 

96* 

99* 

98* 

109 

104* 

106* 

107* 

109 

1 16 

112 

112 

108 

16 

104 

107 

106 

108 

112 

hi 

1 10 

1 13 

no 

107 

104 

104 

17 

1 10 

112 

1 1 1 

1 1 1 

1 1 1 

112 

1 13 

1 12 

112 

106 

102 

102 

18 

112 

hi 

1 12 

1 14 

113 

113 

1 12 

1 13 

in 

in 

107 

107 

19 

112 

112 

113 

1 14 

1 14 

ii5 

ii5 

1 16 

116 

ns 

113 

124* 

20 

107 

108 

114 

1 14 

1 14 

1 12 

113 

in 

1 10 

106 

99* 

100 

21 

113 

114 

114 

114 

119 

114 

ii5 

114 

113 

no 

108 

106 

22 

114 

ii5 

114 

115 

116 

1 17 

117 

1 17 

114 

112 

108 

104 

23 

105 

109 

hi 

115 

1 16 

1 1 8 

122 

122 

118 

115 

108 

105 

24 

112 

114 

114 

115 

1 16 

1 16 

117 

1 16 

116 

in 

106 

105 

25 

ii3 

113 

1 14 

114 

ii5 

1 18 

121 

122 

121 

118 

112 

108 

26 

1 16 

116 

116 

116 

117 

1 18 

120 

1 18 

116 

in 

106 

107 

27 

1 16 

1 16 

117 

118 

118 

121 

121 

120 

1 17 

ii5 

112 

112 

28 

1 10 

1 12 

113 

114 

ii5 

117 

120 

117 

114 

118 

114 

112 

29 

114 

114 

114 

1 13 

116 

1 16 

116 

114 

113 

107 

106 

105 

30 

116 

116 

116 

117 

1 16 

1 16 

1 16 

1 17 

116 

112 

107 

no 

3i 

112 

ii5 

116 

116 

116 

1 16 

”7 

1 16 

113 

no 

107 

109 

Monthly) 
mean  $ 

112*3 

112*9 

113*8 

1147 

115*4 

US  7 

1 16*5  116*4  115*1 

112*2 

108*5  1087 

Normal 

112*8 

113*3 

II4-3 

114*7 

1 15*8 

1 1 6*o 

116*9  ii6*4  115*1 

112*2 

108*8 

108*2 
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HORIZONTAL  INTENSITY -Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory . 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increaaing  force  ] 

DECEMBER,  1884. 


i3h 

14I1 

*5h 

16^ 

i7h 

1 8* 

i9h 

20h 

2Ib 

22b 

23ii 

Mid- 

night. 

Daily 

mean. 

no 

112 

**3 

**5 

114 

* *4 

**4 

**5 

* *5 

i*4 

1 1 3 

112 

* 1 3*5d 

no 

1 1 1 

**3 

116 

**5 

114 

112 

1 1 1 

**3 

i*4 

**4 

**4 

1*33 

1 1 1 

1 10 

in 

i*4 

**7 

1 16 

1 16 

i*5 

* *5 

* *5 

**5 

116 

114  6 

112 

no 

**3 

116 

**7 

116 

**5 

i*4 

**4 

**3 

* *3 

*13  ‘ 

114-5 

i*5 

116 

**7 

**7 

* * 5 

* *5 

* *5 

**5 

* *5 

**5 

116 

i*53 

**3 

1 *3 

**7 

118 

118 

**7 

117 

**5 

1 16 

1 16 

**5 

116 

1165 

114 

1 16 

**9 

118 

118 

118 

1 16 

* *5 

**5 

**4 

in 

in 

1165 

102 

104 

107 

107 

108 

108 

1 10 

1 1 1 

no 

114 

112 

hi 

no-6 

1 10 

112 

i*4 

1 14 

**4 

**3 

114 

* *3 

**4 

**4 

* *3 

* *3 

**3‘5 

112 

**3 

*14 

* *5 

* *5 

118 

**4 

108 

102* 

103* 

107 

108 

* *3° 

106 

*05 

106 

in 

112 

**3 

112 

in 

108 

108 

107 

no 

m-5 

112 

116 

**7 

**7 

**7 

118 

**7 

116 

116 

116 

* * 5 

* *5 

1147 

116 

**5 

**5 

116 

1 16 

1 16 

**7 

1 16 

1*7 

**5 

* *4 

116 

**5*2 

106 

IOI* 

108 

105 

102* 

97* 

91* 

87* 

92* 

96* 

97* 

92* 

*057 

106 

in 

106 

105 

IOI* 

99* 

102* 

104 

102* 

* *5 

IOI* 

104 

*055 

106 

107 

107 

109 

in 

1 10 

no 

109 

106 

no 

in 

no 

1084 

105 

109 

112 

in 

no 

1 10 

in 

hi 

in 

no 

no 

1 1 1 

1098 

109 

112 

112 

* *3 

**3 

**3 

**3 

1 12 

1 12 

112 

112 

112 

1 1 1*7 

120* 

123* 

125* 

125* 

121 

116 

109 

107 

in 

107 

100* 

108 

1146 

IOI 

108 

107 

1 10 

**3 

1 14 

112 

1 12 

1 12 

* *3 

**3 

112 

109-8 

108 

no 

112 

108 

112 

**3 

1 14 

114 

**4 

*14 

**4 

* *5 

1126 

103 

103 

102 

no 

114 

116 

112 

107 

109 

*05 

104 

108 

1107 

104 

106 

1 12 

**3 

112 

112 

114 

**4 

**4 

**4 

**4 

**3 

112-8 

106 

108 

no 

108 

108  * 

in 

112 

112 

* *3 

1 1 1 

112 

* *3 

111-7 

no 

**4 

116 

118 

**5 

*15 

112 

112 

in 

112 

i*4 

* *5 

114-7 

no 

* *4 

**7 

118 

118 

118 

118 

116 

**5 

**4 

**4 

**4 

US'* 

**3  . 

**5 

**5 

120 

120 

118 

**3 

102* 

100* 

104 

109 

in 

**43 

112 

i*4 

112 

109 

in 

1 14 

i*4 

114 

**4 

**4 

**3 

**3 

1138 

106 

107 

**3 

* * 7 

**7 

**7 

1 16 

116 

116 

1 16 

107 

116 

**34 

in 

112 

**4 

* *4 

**4 

in 

1 1 1 

1 1 1 

1 1 1 

in 

112 

116 

**3'5 

hi 

**4 

114 

116 

1 16 

**7 

117 

1 16 

1 16 

115 

116 

**5 

1144 

109-3 

1 no 

112-5 

1*3-6 

1137 

1*3-5 

112*6 

***-3 

111-3 

**77 

in-2 

111-9 

1 1274 

108-9  **0'9 

112*1 

**3  3 

114-6  114-5 

**37 

112-5 

i*3* 

1 12-6 

112-5 

112-6 
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DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0- 000109  in  parts  of  H.  All 

JANUARY,  1885. 

[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

ih 

2h 

3h 

4h 

5h 

6h 

7h 

8b 

9h 

iob 

nh 

Noon. 

j 

115 

115 

116 

117 

117 

117 

Il8 

120 

119 

.118 

117 

117 

2 

1 13 

1 16 

126* 

114 

126* 

115 

IO9 

IO9 

104* 

103* 

97* 

96* 

3 

109 

I IO 

in 

112 

113 

112 

113 

114 

"3 

112 

no 

112 

4 

113 

I 14 

113 

ii5 

115 

114 

II4 

112 

1 10 

104 

104 

103 

5 

ii3 

115 

ii5 

"5 

116 

* 14 

I l6 

I l6 

1 14 

ii5 

114 

115 

6 

115 

115 

”5 

116 

119 

120 

120 

119 

116 

108 

105 

106 

7 

1 14 

115 

1 15 

116 

118 

Il8 

Il8 

117 

ii5 

109 

106 

106 

8 

114 

i*5 

118 

1 17 

117 

Il8 

119 

II9 

117 

no 

104 

107 

9 

109 

1 1 1 

in 

114 

117 

Il8 

Il6 

I 19 

117 

ii5 

no 

106 

10 

1 12 

1 17 

1 16 

114 

1 12 

II4 

II4 

Il6 

116 

no 

107 

107 

11 

112 

1 14 

114 

ii5 

116 

117 

Il8 

117 

1 17 

no 

108 

108 

12 

”5 

1 15 

i*5 

118 

117 

Il6 

Il8 

II9 

1 16 

ii5 

no 

109 

13 

114 

1 16 

1 16 

117 

116 

Il8 

1 17 

Il8 

118 

114 

in 

in 

14 

115 

116 

1 16 

116 

117 

I 17 

1 19 

120 

120 

117 

1 14 

hi 

15 

115 

1 17 

117 

1 17 

117 

I 17 

Il8 

Il8 

118 

113 

109 

112 

16 

"3 

1 10 

114 

114 

116 

117 

119 

1 21 

”9 

116 

112 

no 

17 

114 

1 15 

114 

ii5 

116 

Il8 

122 

123 

121 

116 

112 

109 

18 

1 12 

1 13 

114 

115 

1 16 

Il8 

Il8 

II9 

119 

114 

1I2 

109 

19 

114 

1 17 

113 

113 

117 

115 

Il6 

1 17 

113 

1 10 

106 

108 

20 

114 

113 

114 

113 

115 

1 16 

Il6 

115 

ii5 

112 

107 

106 

21 

114 

114 

1 16 

116 

1 16 

117 

Il8 

119 

1 17 

112 

103 

105 

22 

1 10 

no 

ii5 

1 16 

1 16 

1 17 

II9 

"3 

103* 

99* 

IOI 

85* 

23 

103* 

102* 

106 

107 

106* 

106* 

108 

III 

no 

106 

103 

103 

24 

109 

109 

109 

1 1 1 

1 10 

I IO 

III 

108 

105* 

100* 

96* 

95* 

25 

108 

109 

109 

1 10 

1 1 1 

113 

112 

115 

116 

113 

in 

113 

26 

n 3 

1.14 

113 

112 

1 13 

113 

114 

113 

in 

no 

107 

108 

27 

116 

116 

116 

ii5 

115 

117 

1 17 

1 18 

120 

117 

ii5 

if  1 

28 

113 

113 

1 13 

114 

”4 

115 

II4 

I l6 

114 

in 

107 

109 

29 

”3 

112 

112 

"3 

115 

1*5 

114 

1 16 

116 

1 13 

n 1 

112 

30 

98* 

98* 

104* 

no 

108 

II4 

IO9 

I IO 

106* 

102* 

IOI 

99* 

3i 

no  . 

1 10 

in 

in 

in 

1 1 1 

113 

1*5 

116 

116 

115 

ii5 

Monthly) 
mean  $ 

1120 

1128 

113-8 

114-1 

115*1 

II54 

115*8  Il6-2 

1145 

ni-o 

107-9 

107-2 

Normal 

112-8 

1137 

113  7 

114-1 

1150 

115*7 

115-8  116-2 

n6-o 

112-4  108-7  109-2 
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magnetometer  of  the  Los  Angeles  Magnetic  Observatory . 
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I3h 

I4h 

I5h 

i6h 

1 71* 

IS1' 

19b 

20h 

2Ih 

2211 

23b 

Mid- 

night. 

Daily 

mean. 

1 17 

n9 

120 

120 

118 

1 18 

118 

1 18 

IX3 

108 

106 

107 

Il6*2d 

102 

105 

104 

99* 

102* 

IOO* 

97* 

IOI* 

108 

108 

108 

108 

107*0 

113 

114 

"3 

in 

no 

112 

in 

1 10 

in 

112 

II4 

xx3 

iii*9 

IO4 

107 

112 

”3 

"3 

114 

114 

114 

112 

112 

* *5 

IH 

n 1 4 

115 

114 

116 

116 

116 

Il6 

116 

116 

IX3 

IX3 

II4 

**5 

114-9 

III 

ii5 

ii5 

118 

117 

115 

116 

114 

ii5 

IX3 

II4 

114 

114*6 

IO9 

in 

113 

XI3 

114 

115 

117 

116 

”5 

114 

II4 

114 

113-8 

IO9 

112 

no 

107 

99* 

IOO* 

94* 

97* 

IOI* 

104 

106 

107 

109-2 

no 

112 

”3 

112 

hi 

II4 

1 12 

109 

no 

108 

108 

* *3 

112-3 

108 

109 

no 

in 

109 

no 

in 

IX5 

112 

”3 

IX5 

IX3 

II2I 

III 

112 

112 

112 

115 

”3 

112 

114 

114 

114 

115 

"5 

1135 

108 

no 

112 

112 

US 

116 

113 

114 

114 

ii5 

114 

116 

1143 

1 1 1 

114 

1 16 

116 

1 16 

119 

116 

116 

ii5 

1 16 

IX5 

116 

**5  5 

III 

no 

in 

ii5 

1 16 

117 

117 

n7 

116 

116 

116 

116 

1157 

1 13 

116 

Ir7 

118 

117 

”5 

116 

IX5 

n7 

ii7 

116 

112 

1*5*7 

108 

no 

114 

114 

116 

116 

116 

”5 

116 

ri3 

114 

TI5 

1145 

114 

119 

119 

119 

1 16 

in 

IOI* 

1 10 

112 

xx3 

112 

II48 

107 

108 

105 

109 

hi 

IX3 

113 

n4 

112 

IL3 

1 r3 

114 

II30 

III 

no 

in 

112 

ii3 

112 

hi 

112 

112 

113 

IX3 

”3 

112-6 

105 

105 

109 

112 

112 

116 

117 

ii5 

Ix3 

IX3 

114 

114 

112-5 

108 

112 

in 

112 

in 

”3 

112 

114 

ii5 

114 

113 

109 

1130 

81* 

84* 

94* 

93* 

92* 

98* 

103* 

105 

107 

106 

102* 

107 

103-2 

104 

106 

IC7 

109 

108 

107 

no 

no 

108 

109 

108 

109 

106-9 

IOI 

104 

105 

108 

109 

no 

112 

109 

112 

108 

109 

108 

1070 

”3 

in 

no 

no 

109 

no 

112 

in 

in 

112 

112 

”3 

1 1 1*4 

no* 

112 

114 

113 

114 

116 

117 

117 

117 

118 

116 

116 

ii3*4 

no 

1 10 

no 

109 

109 

108 

112 

112 

xx3 

112 

1 12 

112 

ii3*4 

no 

109 

109 

109 

109 

106 

108 

i*3 

**5 

ii5 

114 

114 

in-8 

107 

no 

113 

108 

107 

IX3 

112 

108 

108 

107 

114 

95* 

n ro 

IOI 

103 

106 

107 

108 

108 

108 

109 

109 

no 

no 

in 

106*2 

n4 

in 

108 

108 

in 

”3 

XI3 

IX3 

113 

112 

112  . 

112 

II2-2 

108-3  1098  110-9 

ni-i 

n ro 

111-9 

ni'8 

ni-7 

1 12-2 

112-0 

1 12*2 

1 1 1*8 

112*10 

m 

O 

VO 

hi 

O 

Hi'S 

1 12*1 

112-5 

113-2 

”3*3 

113*0  112-5 

1 120 

112-6 

112*4 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0-000109  in  parts  of  H.  All 


FEBRUARY,  1885. 

[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

Ih 

2h 

3h 

4h 

5h 

6h 

7h 

8*» 

9h 

IOh 

nb 

Noon. 

1 

* *3 

**3 

112 

**3 

**3 

*13 

**3 

i*4 

114 

1*3 

114 

**5 

2 

no 

III 

in 

in 

in 

112 

112 

112 

in 

no 

108 

1 10 

3 

no 

III 

in 

116 

**3 

112 

112 

109 

107 

*05 

*05 

108 

4 

**3 

**3 

*14 

1*4 

i*5 

1*4 

* *4 

no 

108 

102 

*05 

107 

5 

116 

**5 

**5 

116 

118 

1 2 1 

* *9 

* *4 

102 

IOI* 

*03 

95* 

6 

1 10 

108 

108 

109 

no 

III 

109 

109 

106 

108 

106 

107 

7 

112 

112 

**4 

i*5 

**5 

**5 

116 

* * 7 

116 

**4 

1 1 1 

108 

8 

112 

112 

1 12 

**7 

* *3 

112 

112 

* *5 

106 

**3 

1 10 

1 10 

9 

r 1 1 

in 

no 

1 12 

* *3 

112 

**5 

* *4 

**5 

1 12 

no 

107 

10 

114 

**4 

123* 

**3 

109 

106 

no 

108 

107 

108 

*05 

98* 

11 

109 

no 

no 

no 

in 

112 

in 

no 

1 10 

1 10 

in 

1 1 1 

12 

io5 

100* 

102* 

*05 

no 

no 

no 

in 

103 

1 1 1 

i*4 

106 

13 

no 

106 

107 

107 

107 

109 

109 

109 

108 

112 

109 

109 

H 

108 

108 

109 

' 108 

107 

108 

109 

108 

107 

106 

107 

108 

15 

in 

in 

in 

in 

in 

in 

no 

108 

107 

107 

107 

106 

16 

112 

in 

112 

1 *3 

**3 

**3 

in 

no 

107 

106 

104 

103 

17 

1 10 

hi 

118 

i*4 

112 

i*4 

in 

no 

108 

107 

108 

109 

18 

106 

109 

112 

* * 3 

in 

* *3 

109 

in 

no 

108 

104 

106 

19 

112 

112 

112 

* *5 

* *3 

**3 

112 

112 

112 

in 

1 1 1 

109 

20 

**5 

**5 

* *5 

1 16 

**5 

116 

116 

116 

**4 

112 

10 7 

106 

21 

**5 

1 *5 

**4 

**4 

**4 

**4 

112 

**3 

112 

i*5 

112 

1 10 

22 

104 

112 

109 

no 

1 10 

1 10 

100 

108 

109 

1 14 

**3 

105 

23 

[”3]  [114]  [*IS] 

[116]  [116]  [116] 

[116] 

116 

**5 

114 

112 

112 

24 

II4 

114 

**5 

**5 

**5 

116 

**7 

i*5 

**5 

1 16 

**3 

**4 

25 

[*14] [ 1 * 5]  C 1 1 5] 

[**5]  [**5]  [**6] 

[*  *4] 

* *4 

* *3 

**4 

[*I2] 

**5 

26 

Il6 

116 

i*5 

116 

1 1-6 

* * 5 

116 

116 

**5 

* *5 

* *5 

**5 

27 

IOI* 

107 

108 

no 

120 

* *9 

109 

**3 

* *3 

in 

108 

103 

28 

1*3 

*14 

**5 

* *4 

118 

1 18 

120 

118 

112 

112 

112 

106 

Monthly) 
mean  £ 

nro 

1 1 1 *4 

1 1 2-3 

1128 

1130 

113*2 

*123 

1 1 2*1 

no*  1 

I IO-2 

109*1 

107-8 

Normal 

111*4 

1119 

112*3 

112-8 

1130  113*2 

112*7 

1 1 2*  I 

IIOI 

i io-6 

1091 

1087 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

FEBRUARY,  1885. 


I3h 

I4h 

x5h 

i6h 

i7h 

181* 

I9h 

20h 

2Ih 

22h 

23h 

Mid- 

night. 

Daily 

mean. 

Il6 

xx5 

1 14 

114 

xx3 

109 

106 

IO4 

104 

102 

107 

108 

xxx-3d 

114 

117 

118 

ii5 

xx3 

112 

hi 

IIO 

108 

108 

1 1 1 

in 

in  5 

1 1 2 

xx5 

1 16 

1 1 6 

1 14 

1 14 

n4 

112 

112 

112 

112 

112 

111-7 

IIO 

112 

1 13 

1 1 6 

1 14 

1 16 

117 

Il6 

117 

117 

117 

117 

113-0 

96* 

96* 

95* 

99* 

104 

96* 

97* 

IOI* 

102 

IOO* 

IO3 

104 

105-3 

io5 

103 

108 

108 

109 

112 

109 

"3 

112 

I 1 1 

1 12 

112 

1090 

106 

108 

107 

108 

108 

112 

112 

1 1 I 

I I I 

I IO 

IO9 

112 

in  6 

108 

107 

108 

107 

IIO 

112 

112 

I IO 

107 

107 

IO9 

in 

1 105 

106 

io5 

107 

107 

108 

hi 

hi 

112 

1 1 6 

1 x3 

1 x3 

114 

nro 

98* 

IOI 

102 

i°5 

io5 

104 

106 

IIO 

1 10 

108 

108 

107 

107-5 

1 10 

hi 

1 10 

109 

109 

IIO 

117 

90* 

87* 

88* 

98* 

99* 

106-8 

112 

103 

100* 

99* 

96* 

104 

107 

I IO 

1 14 

112 

108 

108 

1067 

107 

104 

105 

104 

104 

106 

107 

io5 

108 

107 

108 

108 

107-3 

108 

109 

1 10 

IIO 

109 

no 

no 

112 

112 

no 

no 

in 

108-9 

1 08 

IIO 

xx3 

1 12 

109 

no 

xx3 

xx3 

114 

xx3 

1 x3 

in 

110-4 

104 

104 

106 

109 

IIO 

in 

in 

no 

109 

109 

109 

109 

109-0 

108 

III 

1 12 

99* 

io5 

106 

108 

109 

no 

no 

114 

114 

1099 

IIO 

1 1 2 

108 

106 

hi 

no 

in 

1 10 

no 

109 

1 x3 

112 

109-8 

107 

107 

109 

112 

112 

1 x3 

114 

114 

xx4 

114 

114 

xx5 

1 120 

108 

III 

114 

1 16 

116 

xx5 

in 

112 

117 

1 1 6 

117 

112 

II3-7 

IIO 

IO9 

108 

108 

xx3 

98* 

105 

106 

106 

102 

104 

104 

109-7 

IIO 

IO9 

109 

IIO 

112 

1 x3 

112 

[HI]  [U2] 

[112]  [112]  [113] 

[ 1 00-0 

1 12 

III 

112 

"3 

114 

114 

114 

1 x5 

xx5 

114 

n4 

114 

[114-0 

XX5 

114 

[ 1 1 4] 

[112] 

112 

xx3 

1 14 

xx5 

xx5 

[ 1 1 4]  [xx4l  [xx4] 

[1 14-4] 

1 12 

1 12 

xx3 

xx3 

H4 

114 

116 

116 

116 

1 x5 

IX5 

116 

[ 1 x4'3  ] 

114 

1 13 

xx5 

117 

118 

117 

114 

108 

108 

124* 

105 

no 

xx4‘5 

IOI 

IO3 

107 

112 

xx3 

116 

in 

1 x3 

114 

n4 

117 

no 

1105 

102 

105 

103 

IOI* 

98* 

94* 

103 

IOI* 

105 

108 

105 

112 

108-7 

108-2  108-5 

109-3 

109-2 

109-8  109-7 

110-5  109-6 

no-2 

1 100 

110-4 

1107 

no-47 

109-0  1089 

1 10*2 

1 io-8 

1107 

n 1 -4 

1 no 

iii-i 

III-O 

1107 

110-9 

iii-i 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  M filar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0-000109  in  parts  of  H.  All 

MARCH,  1885. 


[For  the  explanation  of  these  tables  see  pp  53,  54.] 


Day. 

I* 

2“ 

3b 

4h 

5h 

6h 

7b 

8h 

9b 

IOb 

n h Noon. 

! 

122* 

106 

105 

109 

in 

1 1 1 

no 

108 

107 

106 

106 

107 

2 

106 

IO9 

108 

108 

108 

108 

108 

no 

112 

112 

112 

107 

3 

in 

108 

hi 

112 

in 

in 

in 

108 

108 

102 

107 

107 

4 

112 

1 12 

112 

112 

113 

112 

112 

112 

in 

III 

in 

108 

5 

“3 

1 1 2 

“3 

114 

114 

114 

114 

112 

112 

III 

107 

104 

6 

1 14 

1 14 

114 

114 

”5 

116 

115 

114 

ii5 

114 

112 

no 

7 

1 14 

1 14 

115 

118 

1 16 

1 17 

1 16 

"5 

113 

III 

109 

105 

8 

112 

III 

114 

"3 

114 

1 13 

112 

in 

no 

IO9 

105 

102 

9 

112 

"3 

1 13 

114 

115 

115 

114 

"3 

hi 

no 

109 

108 

10 

ii5 

1 14 

1 14 

ii5 

116 

118 

118 

116 

ii5 

114 

hi 

112 

11 

116 

117 

118 

118 

118 

118 

117 

ii5 

113 

hi 

108 

109 

12 

108 

109 

112 

in 

112 

in 

hi 

107 

106 

107 

105 

104 

13 

112 

hi 

114 

114 

114 

118 

119 

124* 

1 14 

108 

109 

104 

H 

109 

hi 

hi 

112 

in 

1 13 

1 13 

hi 

112 

118 

116 

112 

15 

112 

113 

96* 

120 

“ 3 

98* 

101* 

85* 

82* 

80* 

70* 

66* 

16 

87* 

92* 

93* 

94* 

96* 

95* 

97* 

99* 

98* 

98* 

97* 

96* 

17 

104 

104 

105 

106 

106 

106 

105 

102* 

100* 

103 

102 

100 

18 

109 

1 10 

no 

no 

108 

108 

109 

109 

109 

no 

106 

104 

19 

hi 

112 

hi 

in 

in 

in 

112 

109 

107 

106 

106 

106 

20 

108 

108 

hi 

ii5 

in 

113 

1 14 

113 

no 

106 

100 

103 

21 

105 

107 

no 

109 

109 

109 

108 

107 

107 

109 

107 

104 

22 

107 

108 

ii5 

in 

no 

in 

112 

no 

109 

108 

104 

104 

23 

112 

113 

116 

ii5 

114 

113 

114 

no 

no 

ii5 

114 

112 

24 

112 

112 

112 

"3 

114 

1 13 

1 13 

112 

in 

112 

109 

104 

25 

112 

1 12 

11 3 

"3 

ii5 

114 

114 

112 

in 

in 

109 

105 

26 

113 

114 

114 

114 

"5 

116 

117 

116 

116 

ii5 

112 

no 

27 

114 

ii5 

1 16 

116 

115 

116 

ii5 

112 

112 

113 

”3 

no 

28 

ii5 

1 13 

1 16 

116 

117 

118 

118 

1 14 

in 

in 

109 

107 

29 

"5 

116 

MS 

ii5 

ii5 

116 

116 

114 

1 14 

113 

109 

107 

30 

114 

115 

"5 

116 

116 

1 16 

112 

in 

no 

no 

no 

3i 

114 

113 

1 14 

114 

113 

113 

ii5 

114 

112 

hi 

hi 

112 

Monthly? 
mean  \ 

III'O 

110-9 

m*5 

1126 

112-5 

112*3 

112-5 

110-5 

109-3 

108-9  106-9  105*1 

formal 

111-4  Hi’S 

1127 

113-2 

1130 

113*4 

ii3*4 

111-7 

111*0 

no-2 

108-6 

106*8 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

MARCH,  1885. 


I3h 

I4h 

*5h 

i6l1 

i7h 

1 8b 

I9h 

20h 

2lh 

22h 

23b 

Mid- 

night. 

Daily 

mean. 

106 

IO4 

105 

100* 

102* 

102* 

106 

no 

106 

106 

104 

104 

io6-8d 

106 

IO9 

1 10 

no 

1 10 

1 10 

III 

1 10 

112 

108 

no 

1 10 

109-3 

105 

108 

106 

109 

112 

112 

III  * 

105 

107 

1 10 

no 

1 10 

108-8 

107 

108 

in 

112 

no 

in 

113 

112 

112 

1 1 1 

112 

1 13 

m-2 

104 

106 

in 

in 

112 

” 3 

III 

109 

no 

112 

113 

114 

mi 

114 

Il6 

116 

M5 

114 

ii5 

Il6 

114 

1 1 1 

113 

114 

1 14 

1141 

103 

106 

108 

no 

112 

114 

115 

114 

114 

1 1 1 

112 

1 1 1 

1 1 2*2 

104 

IO9 

112 

1 13 

”3 

114 

113 

113 

114 

112 

112 

112 

ini 

109 

I II 

112 

”3 

IJ3 

115 

"5 

116 

116 

ii5 

1 15 

114 

1130 

1*3 

1 15 

117 

117 

115 

116 

Il6 

116 

116 

116 

116 

116 

"5-3 

112 

Il6 

117 

117 

n 7 

117 

117 

116 

116 

ii5 

no 

108 

1 148 

104 

107 

107 

109 

109 

in 

112 

”3 

114 

114 

114 

114 

1096 

96* 

102 

1 10 

1 10 

109 

1 1 1 

107 

106 

106 

107 

in 

108 

1 10-2 

1 10 

no 

no 

109 

108 

108 

no 

1 10 

107 

104 

93* 

122* 

I IO’4 

71* 

68* 

76* 

77* 

74* 

74* 

65* 

76* 

68* 

85* 

84* 

86* 

850 

96* 

94* 

94* 

95* 

95* 

97* 

99* 

98* 

99* 

102 

100* 

106 

96-5 

100 

102 

103 

104 

104 

104 

106 

106 

106 

107 

106 

106 

I04-2 

105 

108 

109 

no 

no 

109 

1 10 

1 10 

109 

109 

no 

no 

108-8 

106 

no 

114 

116 

113 

no 

1 1 1 

112 

in 

no 

no 

108 

no-2 

100 

94* 

101* 

108 

102* 

96* 

93* 

97* 

99* 

99* 

100* 

103 

1045 

103 

101 

101* 

106 

106 

106 

106 

106 

106 

106 

107 

107 

106-3 

106 

1 10 

114 

”3 

"3 

113 

”3 

112 

113 

1 13 

112 

”3 

no-6 

112 

112 

in 

113 

112 

1 12 

112 

112 

in 

no 

in 

112 

112-4 

106 

103 

109 

1 1 1 

112 

no 

112 

112 

112 

113 

113 

112 

110-9 

103 

105 

108 

in 

"3 

"3 

”3 

”3 

114 

”4 

114 

114 

hi  5 

1 10 

112 

”3 

114 

112 

114 

”3 

114 

114 

114 

113 

”5 

113-8 

107 

108 

no 

112 

114 

115 

”5 

ii5 

ii5 

ii5 

115 

116 

1135 

107 

106 

108 

no 

112 

1 13 

115 

114 

ii5 

114 

ii5 

ii5 

112-9 

109 

no 

”3 

112 

"3 

114 

115 

ii5 

"5 

114 

114 

114 

1135 

1 12 

1*5 

117 

116 

114 

113 

in 

"3 

114 

114 

114 

114 

113-6 

”3 

114 

116 

117 

"5 

in 

112 

ii5 

hi 

106 

in 

106 

112-6 

1051 

106-4  1087 

1097 

109-4  109-5 

109-5  109-8  109-5 

109-6  109-5 

no-6 

109-64 

0 

6 

0 

00 

■*4 

1 no 

1117 

m-8 

1 120 

1 1 2-0 

1119 

1117 

110-9 

1 1 1-8 

n 1 0 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division =0  000109  in  parts  of  H.  All 

APRIL,  1885. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

1'* 

2h 

3h 

4h 

5h 

6h 

7h 

8^ 

9h 

IOh 

nh 

Noon. 

i 

106 

III 

1 1 1 

116 

1 13 

114 

115 

”3 

1 12 

M3 

”5 

1 16 

2 

” 3 

113 

114 

1 12 

112 

114 

"3 

112 

* 13 

”3 

I IO 

109 

3 

114 

I 12 

1 17 

1 13 

us 

1 10 

113 

104 

104 

100 

IOI 

105 

4 

113 

114 

114 

ii5 

114 

1 1 1 

IIO 

109 

107 

104 

104 

106 

5 

114 

114 

”3 

114 

114 

114 

113 

IIO 

109 

107 

107 

109 

6 

114 

1 16 

1 16 

ii7 

117 

ii7 

ii5 

114 

109 

104 

103 

104 

7 

113 

1 1 2 

1 12 

112 

1 13 

1 13 

hi 

109 

109 

108 

107 

105 

8 

100* 

107 

106 

106 

IIO 

hi 

109 

hi 

109 

102 

105 

105 

9 

108 

108 

1 1 1 

IIO 

109 

IIO 

107 

106 

105 

105 

109 

I IO 

10 

1 13 

113 

114 

1 12 

ii5 

115 

114 

112 

Hi 

112 

1 12 

IIO 

11 

114 

114 

1 15 

US 

1 18 

116 

116 

hi 

109 

106 

107 

107 

12 

108 

III 

1 1 1 

114 

1 1 6 

1 17 

ii5 

hi 

109 

108 

IIO 

109 

13 

98* 

IOI* 

105 

IO4 

109 

109 

109 

1 10 

114 

114 

118 

1 17 

14 

1 13 

114 

114 

114 

113 

114 

113 

1 1 1 

109 

IIO 

I IQ- 

I IO 

15 

105 

108 

hi 

IIO 

hi 

III 

108 

107 

97* 

108 

104 

107 

16 

112 

IIO 

1 15 

114 

1 12 

1 1 2 

104 

100* 

99* 

IOI 

104 

105 

17 

IIO 

III 

112 

1 1 2 

"3 

”3 

112 

1 13 

1 13 

1*3 

1 1 1 

I IO 

18 

1 17 

113 

ii5 

114 

1 17 

115 

1 15 

114 

114 

IIO 

IIO 

I IO 

19 

118 

1 17 

1 17 

Il6 

116 

1 18 

118 

119 

109 

104 

106 

109 

20 

114 

113 

114 

117 

1 1 8 

119 

116 

112 

108 

107 

108 

IIO 

21 

114 

116 

ii5 

1 1 2 

114 

115 

114 

114 

1 12 

I IO 

IIO 

114 

22 

113 

114 

113 

115 

116 

117 

1 17 

1 16 

114 

1 12 

113 

*15 

23 

114 

114 

114 

114 

114 

114 

114 

1 12 

ii5 

117 

1 19* 

1 2 1* 

24 

112 

I 12 

1 13 

114 

114 

115 

1 12 

I IO 

106 

1 1 1 

1 12 

III 

25 

”4 

I 13 

112 

1 1 2 

113 

113 

hi 

108 

108 

IO9 

IO9 

IIO 

26 

114 

1 16 

114 

114 

ii5 

114 

1 14 

1 13 

1 1 1 

1 1 1 

1 1 I 

108 

27 

97* 

102* 

105 

I IO 

I IO 

I IO 

1 1 1 

108 

109 

I08 

108 

I IO 

28 

IIO 

IO4 

108 

IOI* 

114 

108 

106 

IOI* 

99* 

IO3 

I I I 

109 

29 

1 10 

I IO 

112 

IIO 

I IO 

IO9 

107 

i®3 

IOI 

105 

108 

109 

30 

113 

1 13 

114 

114 

1 1 2 

1 12 

109 

106 

106 

108 

IO9 

IIO 

Monthly) 
mean  $ 

1109 

m'5 

112-6 

112-4 

II36 

113*3 

1 1 20 

IIO-O 

108-3 

108-1 

IO9O 

109-7 

Normal 

H2-3 

1122 

I 12-6 

112-8 

II3-6 

1133 

II 20 

1 io-6 

109-4 

1081 

O 

OO 

109-3 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory . 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

APRIL,  1885. 


i3h 

14b 

i5h 

1 6b 

i7*> 

i8h 

1911 

20b 

2 1 b 

22h 

23b 

Mid- 

night. 

Daily 

mean. 

!13 

ii5 

n3 

112 

1 1 1 

112 

112 

in 

I 1 1 

no 

113 

rI5 

II2*6d 

109 

1 1 1 

1 10 

1 1 1 

no 

109 

107 

108 

I09 

in 

112 

1 15 

1 1 1 *2 

108 

108 

107 

108 

109 

1 1 1 

no 

in 

IO9 

112 

III 

1 *3 

109*4 

107 

107 

1 10 

112 

112 

in 

113 

IX3 

112 

M3 

IX3 

xx3 

1107 

1 10 

112 

”3 

115 

XI5 

ii5 

114 

114 

115 

115 

114 

n4 

1127 

106 

in 

112 

”3 

114 

1 13 

”3 

116 

IO9 

no 

no 

109 

1 1 1*8 

108 

107 

109 

114 

114 

112 

no 

95* 

IOO* 

97* 

96* 

94* 

107*5 

103 

103 

104 

101* 

108 

108 

109 

108 

IO9 

108 

106 

1 1 1 

106*6 

no 

no 

no 

114 

”5 

1 13 

n4 

Ix3 

112 

!I3 

112 

1 !3 

no*3 

109 

1 12 

114 

114 

1 10 

1 *3 

112 

112 

I I I 

in 

”3 

114 

1 12*4 

in 

IX3 

118 

116 

i«S 

114 

”3 

xx3 

II4 

114 

112 

109 

112*9 

112 

in 

1 10 

106 

103* 

106 

108 

108 

IO4 

99* 

95* 

96* 

108*2 

116 

116 

116 

116 

1 16 

112 

no 

in 

II4 

114 

114 

hi  6 

112 

in 

109 

1 10 

108 

107 

106 

100* 

96* 

97* 

102* 

*05 

108*7 

107 

104 

hi 

107 

1 10 

112 

112 

112 

112 

"3 

114 

112 

108*9 

108 

107 

109 

no 

1 10 

1. 1 2 

112 

112 

IO9 

102* 

105 

no 

io8*  1 

no 

m 

”3 

114 

n4 

113 

112 

112 

”3 

114 

114 

112 

112*3 

112 

106 

107 

Ir3 

”3 

112 

112 

120 

118 

116 

118 

113*5 

1 1 1 

108 

no 

112 

112 

no 

108 

109 

107 

109 

112 

n4 

1 12*0 

114 

in 

108 

in 

1 r3 

no 

108 

1 10 

no 

1 x3 

112 

IX3 

112*0 

114 

113 

114 

114 

”3 

112 

112 

xx3 

113 

112 

”3 

Ir3 

113*2 

1 16 

114 

114 

IX3 

”3 

”3 

IX3 

1 1 1 

1 10 

in 

112 

IX3 

II37 

124* 

126* 

124* 

122* 

119 

117 

117 

117 

1 16 

114 

112 

108 

1 16*6 

1 13 

112 

HI 

112 

1 x3 

112 

109 

no 

no 

112 

112 

xx3 

1117 

1 1 1 

114 

1 *3 

114 

n4 

”3 

112 

114 

1 *3 

114 

”3 

114 

II  2*  I 

in 

1 *3 

112 

1 1 1 

no 

102* 

101* 

98* 

81^ 

92* 

94* 

92* 

L07*2 

112 

no 

109 

107 

120 

116 

1 10 

102 

1 16 

105 

1 10 

109 

108*9 

I IO 

108 

107 

108 

io5 

io5 

106 

106 

107 

108 

108 

109 

106*7 

112 

114 

114 

”3 

1 12 

1 10 

hi 

in 

1 10 

112 

in 

112 

109*8 

I IO 

112 

Il5 

US 

”3 

1 1 1 

109 

107 

1 10 

112 

IX3 

11 3 

ini 

II  1*0 

mo 

m*5 

111*9 

II 2*  I 

m-2 

110*5  109*6  109*4 

109*5  109*8  110*3 

iio*8i 

iio*5 

110*5 

ni*i 

112*0 

112*4 

1 n *6 

iio*8 

111*0 

1 1 1*3 

112*0 

ni*8 

.112*1 
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U.  S.  COAST  AND  GEODETIC  SURVEY, 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0^00109  in  parts  of  H.  All 

MAY,  1885. 


[For  the  explanation  of  these  tables  see  pp.  5<>,  54.] 


Day. 

lb 

2h 

3h 

4h 

5h 

6b 

7h 

8b 

9b 

10b 

nb 

Noon. 

, 

114 

114 

ii5 

1 15 

113 

112 

109 

108 

no 

in 

112 

2 

ill 

113 

114 

1 13 

113 

113 

no 

no 

112 

ii5 

114 

113 

3 

115 

Il6 

114 

ii5 

115 

114 

114 

113 

114 

112 

no 

109 

4 

115 

Il8 

1 1 8 

116 

1 17 

117 

114 

109 

1 1 1 

113 

114 

118 

5 

114 

I 14 

114 

ii3 

115 

114 

113 

109 

III 

112 

113 

114 

6 

114 

II4 

114 

113 

112 

112 

113 

112 

113 

in 

114 

"5 

7 

1 1 1 

1 12 

1 16 

112 

112 

II4 

I IO 

”3 

114 

ii5 

ii5 

ii5 

8 

1 1 1 

I 1 1 

no 

no 

112 

1 1 1 

109 

109 

I 12 

114 

ii5 

116 

9 

117 

I 18 

116 

118 

1 17 

1 16 

114 

ii5 

117 

119 

119 

120 

10 

123* 

121 

120 

126* 

131* 

113 

III 

”5 

113 

no 

107 

109 

11 

100* 

I04 

104 

109 

108 

113 

III 

108 

103 

102 

106 

104 

12 

1 15 

106 

hi 

no 

112 

I IO 

107 

107 

107 

108 

no 

in 

13 

116 

I l6 

1 16 

1 15 

114 

1 13 

113 

109 

IOO* 

90* 

85* 

89* 

H 

102* 

103* 

102* 

103 

103 

102* 

IOI* 

100* 

IOO* 

98* 

99* 

IOO* 

15 

105 

108 

108 

108 

109 

108 

108 

106 

106 

105 

102* 

98* 

16 

III 

I 1 1 

114 

107 

108 

108 

108 

107 

106 

109 

112 

112 

17 

1 12 

”3 

11 3 

113 

113 

114 

113 

115 

Il6 

113 

109 

no 

18 

1 1 1 

"3 

114 

114 

116 

114 

III 

112 

115 

ii5 

ii5 

114 

19 

1 1 2 

1 1 2 

112 

113 

114 

114 

116 

116 

IIS 

112 

113 

no 

20 

1 12 

114 

ii5 

1 14 

115 

Il6 

117 

1 17 

122* 

123* 

124* 

122* 

21 

I IO 

I IO 

hi 

112 

113 

114 

112 

114 

1 13 

”5 

112 

in 

22 

”3 

II4 

114 

114 

115 

115 

115 

”3 

I IO 

1 14 

114 

113 

23 

120 

120 

118 

118. 

118 

119 

1 17 

1 16 

115 

113 

112 

112 

24 

1 18 

11 7 

1 12 

112 

114 

115 

1 1 8 

119 

122* 

122* 

118 

1 16 

25 

115 

117 

116 

116 

1 16 

II9 

126* 

130* 

I30* 

131* 

124* 

120 

26 

90* 

97* 

102* 

98* 

96* 

97* 

93* 

94* 

97* 

IOO* 

102* 

106 

27 

98* 

100 

105 

105 

IOS 

104 

99* 

99* 

103 

103 

IOO* 

IQO* 

28 

89* 

hi 

106 

100* 

103 

IOI* 

IOI* 

99* 

93* 

90* 

96* 

97* 

29 

106 

104 

102* 

103 

104 

108 

106 

10S 

109 

109 

in 

112 

30 

106 

107 

107 

no 

106 

106 

104 

108 

107 

109 

108 

104 

3i 

108 

hi 

109 

108 

108 

108 

109 

106 

102 

106 

no 

in 

Monthly? 
mean  $ 

no'i 

1 1 16 

1117 

1 1 1*4 

111-9 

Hi'S 

1105 

I IO  I 

I IO  I 

110*3 

110*1 

iioi 

Normal 

1125 

1128 

112*7 

iii*7 

in*8 

112*7 

in*7 

III*2 

110*4 

1 1 1*0 

112*3 

112*3 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory . 


readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

MAY,  1885. 


I3h 

I4h 

I5h 

i6h 

17b 

1 8b 

19b 

2oh 

2Ih 

22h 

23h 

Mid- 

night*. 

Daily 

mean. 

114 

116 

116 

ii5 

ns 

116 

116 

116 

Il6 

1 14 

in 

113 

H3‘6d 

114 

no 

107 

109 

112 

112 

”3 

113 

114 

115 

116 

116 

112-6 

no 

112 

114 

1 14 

1 14 

Il6 

118 

116 

11 7 

116 

112 

114 

113-9 

119 

116 

”5 

114 

113 

III 

in 

hi 

ii5 

109 

in 

114 

114-1 

1 14 

”3 

no 

105 

105 

107 

105 

107 

no 

112 

1 1'3 

Ii4 

1 1 1*3 

118 

117 

1 14 

112 

109 

III 

112 

112 

113 

1 14 

114 

in 

113*1 

116 

114 

1 14 

in 

109 

III 

no 

109 

no 

115 

112 

112 

112-6 

116 

114 

112 

in 

112 

II4 

ns 

US 

ii5 

114 

116 

ns 

112-9 

118 

114 

1 14 

114 

116 

112 

112 

112 

109 

114 

124* 

122* 

1 16-1 

1 09 

”3 

113 

ii5 

ii5 

1 14 

119* 

117 

118 

III 

106 

104 

114-7 

102* 

IOI* 

99* 

98* 

93* 

92* 

91* 

88* 

87* 

106 

96* 

96* 

100-9 

hi 

in 

hi 

106 

97* 

105 

no 

109 

108 

no 

in 

109 

108-8 

89* 

90* 

84* 

76* 

75* 

82* 

90* 

93* 

94* 

95* 

99* 

100* 

97-6 

IOI* 

104 

103 

102 

102 

102 

102 

103 

102 

104 

105 

106 

102-0 

98* 

IOI* 

IOI* 

104 

98* 

IO4 

106 

106 

106 

107 

108 

107 

104-9 

113 

114 

1 14 

no 

100 

106 

no 

106 

109 

108 

no 

no 

109-3 

no 

III 

113 

112 

no 

IO9 

109 

no 

107 

113 

in 

112 

III-7 

109 

107 

109 

no 

109 

no 

hi 

no 

1 10 

no 

113 

in 

1 1 1-8 

108 

105 

107 

112 

”3 

11-2 

112 

in 

112 

113 

in 

112 

1 1 2-0 

120 

”5 

114 

112 

107 

no 

108 

109 

no 

in 

’ 112 

in 

114-6 

in* 

112 

no 

in 

112 

1 13 

112 

no 

no 

112 

112 

113 

111-9 

112 

112 

ii3 

112 

114 

112 

in 

113 

113 

114 

1 15 

1 16 

1 13*4 

108 

107 

107 

107 

no 

112 

113 

116 

ii5 

116 

116 

116 

1 14-2 

112 

109 

108 

109 

no 

112 

112 

112 

in 

in 

1 1 1 

113 

113-9 

114 

107 

112 

104 

IOI 

102 

102 

98* 

90* 

77* 

65* 

IOI* 

109-7 

102* 

105 

104 

103 

104 

97* 

87* 

93* 

88* 

84* 

86* 

96* 

96-7 

98* 

100* 

98* 

92* 

92* 

89* 

84* 

80* 

97* 

98* 

80* 

94* 

96-8 

98* 

99* 

100* 

100 

102 

102 

IOI 

102 

104 

103 

102 

102 

100-0 

no 

103 

IOI* 

102 

97* 

103 

103 

104 

103 

100* 

104 

106 

104-7 

no 

116 

no 

in 

104 

103 

102 

100* 

102 

105 

108 

108’ 

106-7 

112 

in 

107 

103 

105 

104 

106 

108 

106 

106 

107 

107 

107-4 

109-5 

109-0 

108*2 

p 

0 

105-7 

106-6 

106-9  106-7 

107-1 

0 

0 

^-1 

6 

109-1 

10916 

112-8 

III'O 

no-8 

108*9  108-9  109-1 

109-3 

1 103 

no-2 

110-9 

1 10-7 

110-9 

. H.  Ex.  43,  pt.  2—12 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  Mfilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0-000109  in  parts  of  H.  All 

JUNE,  1885. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

lb 

2h 

3h 

4h 

5h 

6h 

7h 

8h 

9\ 

IOh 

nh  Noon. 

1 

108 

108 

108 

107 

108 

no 

109 

108 

109 

i*3 

112 

ii5 

2 

109 

IO9 

no 

108 

109 

in 

no 

107 

107 

in 

120 

1 17 

3 

1 10 

112 

113 

11 3 

113 

112 

108 

107 

108 

in 

”3 

112 

4 

103 

I06 

108 

i<=>5 

107 

no 

104 

104 

108 

109 

no 

”3 

5 

107 

107 

108 

109 

no 

in 

108 

109 

107 

108 

no 

112 

6 

109 

IO9 

no 

no 

1 10 

112 

in 

109 

108 

no 

109 

108 

7 

109 

no 

112 

112 

112 

113 

112 

1 1 1 

in 

113 

116 

118 

8 

112 

113 

112 

112 

113 

113 

1 10 

no 

114 

116 

117 

119 

9 

”5 

116 

114 

117 

117 

ii5 

114 

114 

ii5 

118 

118 

10 

120* 

121* 

115 

116 

117 

116 

113 

1 14 

114 

ii5 

112 

“3 

11 

114 

ii5 

114 

116 

1 13 

113 

112 

106 

109 

in 

115 

ii5 

12 

112 

112 

1 10 

no 

112 

1 13 

in 

no 

1 1 1 

114 

”3 

113 

13 

113 

1 12 

no 

112 

112 

112 

in 

109 

106 

114 

115 

ii5 

14 

no 

no 

in 

112 

112 

"3 

HI 

109 

no 

109 

113 

116 

15 

III 

in 

in 

112 

114 

ii5 

112 

108 

102 

IOI 

106 

108 

16 

109 

109 

109 

no 

112 

no 

in 

1 10 

109 

HI 

112 

112 

17 

106 

107 

107 

108 

108 

109 

109 

107 

106 

106 

in 

114 

18 

1 12 

1 13 

114 

ii5 

116 

1 15 

113 

no 

107 

107 

106 

105 

*9 

107 

107 

108 

107 

no 

no 

108 

106 

no 

113 

ii5 

”5 

20 

105 

105 

102 

105 

102 

122* 

117 

114 

no  . 

103 

103 

107 

21 

no 

no  . 

1 10 

108 

in 

1 13 

in 

109 

108 

108 

109 

”3 

22 

102 

104 

104 

106 

107 

107 

108 

107 

106 

103 

102* 

105. 

23 

109 

102 

102 

102 

103 

104 

105 

104 

103 

IOO* 

IOO* 

102* 

24 

106 

106 

106 

106 

108 

109 

no 

109 

109 

no 

no 

107 

25 

96* 

107 

109 

106 

98* 

98* 

94* 

89* 

88* 

84* 

88* 

92* 

26 

96* 

98* 

99* 

99* 

98* 

97* 

97* 

95* 

97* 

93* 

93* 

96* 

27 

102 

104 

105 

105 

104 

104 

104 

106 

in 

in 

108 

105 

28 

107 

107 

108 

108 

108 

108 

108 

105 

105 

107 

no 

no 

29 

in 

in 

no 

*110 

no 

no 

109 

108 

109 

in 

112 

“3 

30 

112 

112 

112 

112 

112 

112 

no 

107 

107 

no 

hi 

in 

Monthly? 
mean  $ 

108-4 

109-1 

109-1 

109-2 

109-5 

no-6 

1090 

107-4 

107-4 

108-2 

109-6 

no-6 

Normal 

108-9 

109-1 

109-4 

109-5 

110-4 

1 1 1*2 

IIOO 

108-5 

108-5 

1 1 00 

.ni-8 

1 1 2*2 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

JUNE,  1885. 


I3h 

Hh 

i5h 

l6h 

i7h 

i8h 

I9h 

20h 

2Ih 

22h 

23b 

Mid- 

night. 

Daily 

mean. 

1 15 

1 13 

in 

109 

105 

102 

100 

97* 

IO3 

106 

107 

108 

io8-od 

1 18 

1 14 

no 

105 

106 

107 

108 

109 

108 

IO9 

no 

no 

no-i 

113 

ii5 

116 

113 

103 

96* 

101 

107 

105 

IO3 

107 

no 

109-2 

113 

109 

104 

103 

161 

103 

103 

104 

IO3 

105 

107 

106 

106-2 

113 

112 

no 

105 

107 

104 

106 

107 

108 

IO9 

109 

109 

108-5 

108 

108 

107 

107 

106 

107 

109 

109 

no 

no 

109 

no 

109-0 

116 

113 

109 

107 

106 

106 

109 

no 

no 

no 

in 

112 

ni-2 

1 17 

114 

113 

no 

no 

107 

106 

109 

108 

no 

112 

114 

II2-I 

116 

119. 

116 

1 13 

116* 

117* 

114 

”5 

117* 

116 

117 

118* 

1159 

ns 

107 

in 

no 

107 

106 

108 

109 

1 10 

no 

113 

“3 

112*7 

116 

1 14 

no 

106 

107 

108 

107 

104 

104 

113 

106 

107 

no-6 

115 

118 

ii5 

in 

109 

106 

107 

109 

109 

no 

in 

113 

1 1 1*4 

118 

116 

in 

106 

106 

106 

105 

108 

108 

109 

in 

no 

1 io*6 

1 17 

116 

116 

112 

112 

no 

no 

109 

104 

106 

hi 

109 

m-2 

1 13 

115 

in 

106 

101 

104 

104 

105 

107 

107 

106 

106 

108-2 

108 

107 

106 

104 

103 

105 

106 

107 

108 

105 

105 

106 

io8-i 

112 

no 

107 

109 

108 

109 

- 108 

108 

1 10 

no 

in 

in 

108-8 

104 

IOO* 

102 

104 

102 

i°5 

ic6 

103 

102 

109 

108 

105 

1076 

113 

112 

108 

106 

108 

no 

no 

in 

112 

112 

in 

102 

109-6 

no 

107 

106 

106 

103 

102 

102 

104 

105 

no 

108 

no 

107-0 

ii5 

115 

113 

109 

no 

105 

106 

107 

104 

104 

102 

104 

108-9 

i°5 

99* 

99* 

95* 

92* 

96* 

101 

104 

104 

105 

108 

108 

103-2 

105 

108 

1 10 

108 

107 

104 

105 

105 

107 

106 

107 

107 

104-8 

107 

107 

126* 

118* 

99 

99 

97 

97* 

93* 

93* 

97* 

105 

105-6 

*3* 

87* 

91* 

88* 

82* 

81* 

81* 

81* 

89* 

87* 

101 

92* 

9i*3 

96* 

96* 

93* 

93* 

94* 

95* 

98 

100 

102 

102 

101 

102 

97-1 

105 

106 

105 

105 

106 

106 

106 

no 

106 

105 

107 

107 

1060 

no 

hi 

112 

in 

109 

109 

no 

in 

no 

in 

in 

in 

109-0 

no 

108 

106 

109 

no 

109 

106 

109 

no 

no 

in 

112 

109-8 

113 

116 

114 

112 

112 

112 

113 

114 

113 

114 

113 

113 

112*0 

no-6 

1097 

108-9 

106-7 

104-9 

104-5 

1051 

1061 

106-3 

107-2 

108-3 

0 

00 

108-12 

II2-I 

1 1 1*9 

1 1 o-o 

107-9 

106-3 

106-0 

105-9 

107-7 

107-0 

108-4 

108-7 

108-6 
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U S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hi  filar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division— 0-000109  in  parte  of  H.  All 

JULY,  1885. 

[For  the  explanation  of  these  tables,  see  pp.  53,  54.] 


Day. 

ih 

2h 

3h 

4h 

5h 

6h 

7h 

8h 

9h 

IOh 

Hh 

Noon. 

! 

116 

Il6 

115 

11 5 

114 

119 

114 

99 

103 

[102]  [ 

IOI] 

99* 

2 

109 

IOS 

108 

108 

108 

109 

107 

104 

100 

105 

I IO 

108 

3 

109 

IO9 

no 

in 

112 

112 

in 

109 

105 

106 

no 

114 

4 

119 

Il8 

119* 

119 

116 

115 

116 

in 

108 

109 

109 

109 

5 

119 

117 

1 1 7 

119 

117 

Il8 

114 

112 

114 

in 

112 

116 

6 

1 10 

I08 

109 

109 

112 

112 

no 

105 

104 

106 

109 

in 

7 

108 

I IO 

108 

108 

I IO 

II4 

109 

108 

106 

104 

108 

109 

8 

107 

107 

109 

109 

hi 

no 

IIO  | 

-109] 

1 10 

107 

no 

I IO 

9 

115 

II4 

114 

114 

II5 

117 

115 

113 

in 

107 

108 

in 

10 

1 10 

I IO 

in 

in 

in 

in 

106 

103 

104 

106 

106 

107 

n 

115 

115 

121* 

114 

114 

114 

109 

103 

106 

112 

in 

109 

12 

hi 

no 

112 

IM 

112 

in 

109 

102 

102 

no 

114 

ii5 

13 

109 

1 10 

no 

no 

109 

in 

I IO 

no 

1 1 1 

112 

112 

112 

14 

112 

no 

no 

109 

no 

in 

109 

109 

106 

104 

102 

107 

15 

109 

no 

in 

113 

ii5 

115 

116 

in 

105 

106 

106 

108 

16 

112 

in 

no 

1 10 

109 

109 

108 

107 

109 

116* 

124* 

120* 

17 

no 

in 

112 

1 13 

1 12 

112 

in 

in 

no 

109 

no 

121* 

18 

109 

112 

108 

118 

1 1 1 

108 

107 

105 

102 

97* 

95* 

98* 

19 

109 

112 

107 

109 

108 

109 

107 

104 

102 

99 

102 

106 

20 

109 

109 

108 

108 

108 

in 

109 

104 

102 

102 

103 

104 

21 

108 

108 

109 

I IO 

I IO 

I IO 

107 

102 

103 

108 

109 

108 

22 

no 

1 n 

109 

108 

108 

109 

108 

104 

102 

108 

no 

1 12 

23 

109 

no 

109 

109 

108 

108 

106 

104 

104 

104 

106 

107 

24 

108 

108 

108 

109 

I IO 

1 12 

1 1 2 

109 

in 

116* 

117 

112 

25 

114 

103 

io5 

106 

106 

109 

103 

100 

105 

hi 

no 

108 

26 

107 

107 

108 

107 

107 

io5 

102 

98 

99 

102 

104 

106 

27 

108 

108 

109 

109 

I IO 

1 12 

in 

106 

102 

107 

109 

no 

28 

no 

106 

107 

106 

112 

109 

108 

108 

104 

106 

112 

112 

29 

109 

108 

109 

109 

no 

I IO 

109 

107 

103 

102 

108 

116 

3o 

106 

106 

106 

107 

108 

107 

106 

103 

104 

106 

no 

112 

31 

108 

108 

109 

109 

no 

,u 

109 

IOI 

106 

112 

”3 

117 

Monthly^ 
mean  \ 

1104 

1 1 00 

no-2 

110-5 

1 107 

m3 

109-3 

105-8 

105*3 

106-8 

108-7 

iio-i 

Normal. 

1 10*4 

1 100 

1096 

110-5 

110-7 

ui-3 

109-3 

105-8 

105-3 

106-5 

108-7 

no-2 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

JULY,  1885. 


I3h 

I4h 

i5h 

l6h 

i7h 

i8h 

i9h 

20h 

2Ih 

22h 

2 3h 

Mid- 

night. 

Daily 

mean. 

104 

104 

104 

103 

102 

IOI 

102 

IO3 

103 

104 

104 

106 

io6-4d 

106 

108 

107 

107 

108 

108 

108 

108 

IO9 

108 

108 

108 

. 107-4 

1 15 

114 

115 

114 

116* 

115* 

no 

III 

1 12 

112 

116 

116 

1 1 1-8 

no 

112 

112 

no 

108 

in 

1 14 

115 

113 

117* 

114 

ii7 

113*4 

112 

108 

102 

103 

100 

104 

102 

97* 

95* 

IO3 

107 

106 

109-4 

108 

103 

IOI 

100 

97 

IOI 

104 

104 

107 

108 

107 

108 

106-4 

no 

in 

109 

106 

105 

106 

106 

104 

106 

IO4 

103 

112 

107-7 

112 

” 3 

no 

106 

109 

108 

no 

1 1 1 

hi 

112 

113 

114 

109-9 

112 

1 13 

113 

in 

108 

no 

114 

114 

112 

113 

109 

1 10 

1 1 2*2 

in 

112 

1 1 1 

109 

109 

107 

107 

in 

no 

112 

113 

1 14 

109-3 

109 

109 

109 

103 

105 

105 

108 

109 

109 

III 

109 

112 

I IO  O 

”5 

114 

109 

106 

105 

106 

103 

103 

IOI 

IO4 

108 

108 

108-4 

in 

109 

109 

106 

104 

107 

1 10 

109 

109 

IO9 

109 

no 

109-5 

no 

114 

1 14 

in 

108 

107 

108 

108 

107 

I08 

109 

109 

108-8 

106 

107 

107 

107 

106 

107 

108 

106 

io5 

108 

1 10 

no 

108-8 

117 

117 

ii5 

109 

105 

108 

109 

no 

no 

III 

109 

109 

1 1 1 -4 

130* 

135* 

”3 

113 

117* 

100 

109 

in 

109 

108 

107 

107 

112-5 

104 

107 

109 

104 

103 

106 

102 

106 

108 

108 

109 

1 10 

106-1 

114 

1 13 

in 

109 

105 

105 

105 

104 

105 

106 

108 

108 

107-0 

103 

105 

105 

103 

106 

107 

106 

108 

106 

106 

106 

109 

1061 

105 

106 

i°S 

IOI 

102 

105 

107 

108 

107 

108 

109 

109 

106-8 

107 

106 

102 

IOI 

102 

104 

107 

107 

106 

107 

108 

109 

106-9 

106 

107 

107 

108 

1 10 

109 

108 

108 

108 

IO9 

no 

109 

107-6 

no 

105 

106 

106 

105 

99 

100 

98 

99 

106 

108 

in 

107-7 

106 

102 

95* 

99 

95* 

96 

103 

103 

102 

106 

106 

107 

104-2 

106 

105 

IOI 

96* 

97 

99 

102 

IOI 

104 

102 

103 

107 

103-1 

in 

107 

104 

109 

1 10 

io5 

103 

102 

105 

106 

106 

112 

107-5 

no 

108 

104 

IOI 

99 

IOI 

105 

107 

107 

106 

106 

108 

106-8 

116 

118 

106 

103 

96 

95* 

95* 

94* 

IOI 

IO3 

105 

104 

105-7 

114 

ii5 

112 

106 

104 

103 

105 

106 

i°5 

106 

107 

107 

107-1 

124* 

123* 

119* 

113 

112 

108 

108 

105 

98 

IOO 

107 

108 

109-9 

no-8 

no-6 

107-9 

105-9 

105-1 

104-8 

106-1 

106-2 

106-0 

107-4 

108-2 

109-5 

108-25 

109-7 

109-4 

108-0 

106-2 

104-6 

104-8 

106-5 

106-9 

106-4 

I07-I 

108-2 

109-5 
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U S.  COAST  AND  GEODETIC  SURVEY, 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0 000109  in  parts  of  H.  All 

AUGUST,  1885. 


[For  the  explanation  of  these  tables  see  pp.  53, 54.  | 


Day. 

ib 

2h 

3h  ' 

4h 

5b 

6h 

7h 

8i 

9h 

IOh 

nh  Noon. 

! 

IIS* 

117* 

no 

in 

109 

108 

no 

IO7 

103 

102 

104 

107 

2 

97 

106 

105 

107 

106 

105 

104 

98 

98 

IOI 

107 

107 

3 ' 

102 

104 

105 

107 

106 

107 

105 

I03 

104 

107 

109 

1 1 1 

4 

105 

105 

105 

106' 

106 

103 

100 

97 

100 

108 

in* 

109 

5 

108 

105 

105 

105 

106 

106 

107 

103 

104 

IOO 

98 

102 

6 

108 

107 

108 

107 

108 

107 

107 

104 

102 

102 

102 

103 

7 

99 

1 14* 

104 

102 

104 

103 

100 

102 

in* 

1 14* 

108 

106 

8 

106 

103 

103 

102 

105 

103 

102 

98 

97 

98 

98 

98 

9 

105 

107 

106 

106 

106 

105 

102 

98 

IOI 

105 

108 

108 

10 

no 

105 

102 

103 

105 

104 

104 

105 

105 

IO4 

103 

IOI 

11 

106 

107 

106 

106 

107 

no 

107 

109* 

113* 

I 14* 

1 14* 

113* 

12 

107 

106 

102 

106 

107 

109 

106 

102 

IOI 

IOI 

IOO 

98 

13 

106 

106 

106 

105 

105 

106 

105  . 

99 

IOI 

104 

106 

no 

14 

107 

no 

108 

109 

108 

109 

107 

102 

IOI 

IOO 

IOO 

104 

15 

102 

104 

104 

105 

105 

106 

106 

102 

98 

99 

IOI 

105 

16 

102 

104 

99 

i°5 

106 

i°5 

io3. 

100 

IOO 

IOO 

98 

98 

17 

103 

104 

io5 

105 

104 

104 

100 

96 

96 

97 

99 

102 

18 

105 

105 

105 

105 

105 

105 

103 

97 

95 

95 

99 

104 

19 

106 

104 

106 

104 

105 

106 

104 

102 

99 

99 

IOO 

106 

20 

103 

104 

104 

105 

105 

106 

102 

99 

103 

108 

108 

in 

21 

104 

IOI 

102 

IOI 

102 

104 

100 

IOI 

102 

IOO 

IOI 

IOI 

22 

100 

102 

IOI 

102 

102 

102 

99 

95 

92 

96 

99 

IOO 

23 

102 

103 

103 

103 

102 

102 

98 

96 

98 

IOO 

IOO 

IOO 

24 

103 

IOI 

102 

102 

102 

102 

98 

92 

93 

94 

96 

IOI 

25 

104 

103 

IOI 

103 

102 

102 

99 

94 

99 

IOI 

103 

106 

26 

99 

99 

97 

104 

100 

102 

98 

94 

90 

94 

96 

97 

27 

104 

103 

105 

105 

106 

io5 

102 

98 

95 

99 

IOI 

102 

28 

102 

100 

IOI 

102 

109 

100 

102 

95 

95 

90* 

89* 

88* 

29 

93* 

94* 

93* 

97 

99 

100 

98 

95 

86* 

92 

92* 

89* 

30 

100 

97 

98 

99 

99 

99 

94 

92 

94 

99 

98 

99 

3i 

IOI 

100 

100 

99 

100 

100 

97 

94 

9i 

86* 

89* 

93* 

Monthly? 
mean  $ 

1037 

104*2 

1037 

104*  1 

1045 

1044 

102*2 

99*0 

98*9 

100*3 

101*2 

102*6 

Normal 

1037 

°o 

ro 

O 

103*6 

1 04*  1 

104*5 

104*4 

102*2 

98*7 

9^5 

100*2 

ioi*6 

103*6 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  maguet.  Increasing  numbers  indicate  increasing  force.] 

AUGUST,  1885. 


i3h 

I4h 

I5b 

l6h 

17IJ 

i8h 

19k 

20h 

21 11 

22k 

23h 

Mid- 

night. 

Daily 

mean. 

106 

103 

103 

93 

90* 

89* 

83* 

91* 

98 

97 

105 

102 

I02'6d 

IOI 

102 

99 

IOI 

IOI 

100 

97 

98 

IOI 

99 

109 

105 

102-3 

106 

103 

104 

103 

IOI 

IOI 

98 

IOI 

IOO 

IOO 

104 

102 

103*9 

108 

104 

99 

IOO 

IOI 

IOI 

98 

102 

IOI 

105 

IOI 

105 

103*3 

105 

106 

106 

106 

IOI 

102 

104 

104 

106 

105 

103 

107 

104-3 

IOI 

102 

105 

114* 

103 

104 

102 

102 

105 

95 

103 

105 

104-4 

104 

104 

94 

86* 

85* 

95 

IOO 

102 

IOI 

99 

99 

95 

ioi*3 

IOI 

98 

104 

IOO 

IOO 

IOI 

IOI 

IOO 

98 

IOO 

104 

106 

iori 

no 

hi 

109 

106 

97 

97 

IOI 

102 

105 

104 

104 

105 

‘04*5 

IOI 

IOI 

104 

104 

104 

103 

104 

105 

104 

106 

107 

107 

104-2 

III 

105 

104 

105 

105 

104 

102 

IO4 

104 

104 

107 

107 

107*3 

IOO 

J04 

105 

104 

103 

102 

IO3 

IO3 

104 

104 

104 

105 

103-6 

no 

106 

103 

102 

103 

105 

107 

108 

108 

108 

108 

109 

105-7 

108 

106 

106 

IO4 

105 

108 

107 

108 

105 

IOI 

99 

99 

105-0 

107 

I T I 

109 

108 

105 

107 

IO9 

no 

108 

112* 

112* 

1 14* 

100-2 

IOO 

IOI 

in 

IOO 

99 

99 

103 

103 

103 

103 

103 

104 

102-0 

108 

no 

109 

107 

1 04 

104 

106 

106 

105 

105 

106 

106 

103-8 

106 

108 

107 

104 

102 

104 

105 

104 

105 

IO3 

106 

105 

103-4 

108 

108 

106 

105 

102 

90* 

96 

IOI 

IOO 

99 

102 

IOI 

102*5 

105 

105 

99 

IOO 

IOO 

93 

96 

103 

99 

97 

IOI 

106 

102-6 

IOO 

102 

IOI 

98 

97 

96 

97 

IOO 

IOO 

IOO 

104 

99 

100-5 

IOO 

99 

IOO 

93 

95 

98 

IOI 

IOI 

102 

103 

102 

102 

99*4 

99 

98 

98 

99 

IOO 

102 

103 

103 

102 

102 

99 

IOI 

100-5 

106 

106 

104 

IOI 

IOO 

IOI 

102 

IOI 

IO3 

IO4 

104 

104 

100-9 

106 

104 

99 

98 

98 

95 

95 

97 

99 

99 

IOO 

IOO 

100-3 

96 

99 

98 

97 

95 

97 

94 

98 

99 

IOI 

102 

102 

97*8 

97 

104 

95 

96 

98 

94 

98 

92* 

92* 

96 

94 

113* 

99-8 

86* 

90* 

94 

84* 

88* 

96 

87* 

81* 

77* 

80* 

95 

91* 

92-6 

95 

92* 

93 

91* 

9i 

92 

88* 

90* 

93 

88* 

94 

96 

93*o 

94* 

95 

97 

97 

93 

92 

95 

98 

99 

98 

IOO 

99 

96-9 

96 

99 

97 

92 

95 

97 

98 

IOO 

99 

IOO 

98 

IOI 

96-7 

102-6 

102-8 

102-0 

99-9 

98-7 

99-0 

99*4 

ioo-6 

ioo-8 

100-5 

102-5 

103*3 

101*69 

103-5 

103-6 

1020 

ioo-8 

99-9 

99-7 

ioo-8 

102-4 

101-9 

i°i*3 

102-2 

1030 
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U S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0-000109  in  parts  of  H.  All 

SEPTEMBER,  1885. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

ib 

2h 

3h 

4b 

5h 

6b 

7h 

8b 

9h 

IOb 

nb 

Noon. 

! 

99 

IO4 

IOO 

102 

IOO 

102 

99 

98 

96 

97 

96 

94 

2 

99 

106 

IOO 

99 

IOO 

102 

IOO 

94 

94 

97 

IOO 

99 

3 

95 

96 

94 

97 

97 

98 

96 

92 

92 

96 

IOO 

IOI 

4 

97 

IO3 

IOO 

96 

IOI 

105 

105 

104 

98 

9i 

95 

89 

5 

102 

96 

96 

99 

94 

95 

94 

91 

94 

98 

95 

96 

6 

105 

98 

97 

IOO 

96 

98 

95 

9i 

92 

95 

93 

90 

7 

103 

102 

IOI 

103 

102 

102 

98 

96 

98 

98 

IOI 

99 

8 

IOI 

IOO 

IOI 

104 

105 

104 

97 

97 

95 

90 

92 

92 

9 

100 

IOI 

IOI 

IOO 

IOI 

102 

IOO 

98 

98 

99 

IOO 

IOO 

10 

105 

IOO 

102 

102 

103 

103 

98 

93 

89 

87 

90 

93 

1 1 

104 

IO3 

102 

102 

104 

106 

103 

97 

9i 

88 

90 

92 

12 

104 

IO3 

IO4 

IO3 

104 

103 

99 

95 

91 

89 

90 

92 

13 

103 

IO3 

102 

103 

103 

103 

IOO 

98 

96 

98 

98 

96 

14 

102 

IO3 

IO4 

IO4 

105 

104 

105 

104 

IOO 

102 

105* 

105* 

15 

99 

98 

105 

IO4 

IOI 

107 

107 

IOO 

95 

93 

87 

84* 

16 

86* 

87* 

88* 

91 

96 

102 

97 

95 

90 

86 

81* 

78* 

17 

97 

94 

95 

96 

97 

99 

96 

94 

94 

92 

90 

88 

18 

96 

103 

IOO 

99 

IOI 

99 

99 

97 

96 

94 

90 

92 

19 

95 

97 

99 

98 

99 

99 

98 

96 

93 

90 

94 

96 

20 

96 

98 

98 

99 

IOO 

99 

96 

92 

9i 

90 

9i 

92 

21 

100 

102 

103 

103 

104 

103 

IOO 

97 

98 

97 

96 

96 

22 

97 

97 

•98 

IOI 

102 

102 

98 

92 

96 

99 

92 

88 

23 

90 

106 

IOI 

96 

98 

98 

95 

IOO 

98 

94 

89 

83* 

24 

98 

98 

99 

99 

99 

97 

95 

93 

93 

95 

95 

96 

25 

93 

94 

IOO 

99 

99 

99 

96 

92 

88 

90 

90 

92 

26 

98 

98 

97 

98 

IOO 

98 

98 

96 

94 

94 

95 

95 

27 

108 

98 

94 

95 

96 

98 

97 

94 

87 

85 

87 

87 

28 

93 

93 

94 

95 

96 

96 

94 

91 

88 

90 

92 

9i 

29 

96 

97 

97 

98 

97 

97 

96 

94 

92 

94 

94 

94 

30 

98 

97 

98 

104 

96 

96 

96 

93 

9i 

90 

96 

97 

Monthly) 
mean  £ 

98-6 

99-2 

99*o 

99-6 

99‘9 

0 

0 

Cn 

98-2 

95'5 

93-6 

93*3 

93'5 

92-9 

Normal 

99’ 1 

99-6 

99'4 

99-6 

99.9 

IOO‘5 

98-2 

95*5 

93-6 

93'3 

93’5 

937 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

SEPTEMBER,  1885. 


1 3h 

i4h 

i5h 

16* 

17b 

i8h 

19k 

20b 

2Ih 

22h 

23h 

Mid- 

night. 

Daily 

mean. 

97 

98 

98 

99 

99 

IOI 

102 

98 

99 

95 

100 

98 

987d 

98 

99 

98 

98 

98 

100 

103 

102 

102 

103 

98 

100 

99'5 

104* 

102 

102 

IOI 

98 

92 

96 

93 

85* 

89 

94 

96 

96-1 

93 

90 

90 

72* 

87* 

83* 

85* 

82* 

95 

96 

98 

109 

94*3 

96 

96 

96 

104 

102 

99 

98 

99 

99 

99 

100 

105 

97-6 

90 

90 

93 

98 

97 

IOI 

IOI 

102 

IOI 

99 

99 

103 

96-8 

100 

103 

104 

105 

IOI 

io5 

102 

IOI 

IOI 

IOI 

IOI 

100 

IOI*I 

9i 

92 

93 

9i 

94 

97 

95 

94 

96 

96 

99 

98 

96-4 

IOI 

104 

104 

100 

97 

98 

99 

103 

98 

100 

IOI 

104 

100-4 

97 

IOI 

104 

104 

103 

103 

103 

102 

102 

103 

103 

102 

997 

94 

100 

103 

104 

102 

100 

99 

100 

IOI 

IOI 

103 

103 

997 

97 

106* 

105 

99 

100 

102 

102 

102 

102 

103 

102 

102 

100*0 

97 

100 

103 

104 

104 

104 

104 

104 

IOI 

IOI 

IOI 

102 

101*2 

102 

104 

IOI 

98 

98 

93 

98 

98 

96 

97 

100 

98 

101*1 

86 

90 

88* 

92 

85* 

84* 

79* 

99 

84* 

95 

74* 

85* 

925 

84* 

92 

94 

88* 

85* 

93 

95 

96 

97 

98 

96 

94 

91*2 

90 

92 

92 

92 

94 

95 

97 

99 

97 

92 

94 

IOI 

94'5 

97 

99 

99 

93 

96 

98 

99 

99 

97 

98 

94 

94 

97*0 

98 

97 

98 

94 

98 

95 

95 

98 

98 

97 

96 

94 

96*3 

93 

95 

95 

93 

97 

99 

98 

98 

98 

98 

96 

98 

95*8 

97 

99 

100 

IOI 

103 

IOI 

100 

99 

90 

89 

93 

97 

987 

90 

93 

93 

96 

93 

92 

90 

82* 

89 

• 90 

97 

89 

94*0 

86 

89 

80* 

83* 

80* 

87* 

92 

93 

94 

94 

96 

97 

92-5 

96 

96 

94 

92 

9i 

84* 

92 

86* 

85* 

87 

88 

90 

93-3 

95 

96 

95 

96 

95 

94 

9i 

93 

93 

94 

9i 

96 

94*2 

94 

93 

94 

96 

96 

98 

97 

95 

94 

92 

94 

98 

95*9 

86 

85* 

87* 

86* 

88* 

88* 

84* 

86* 

89 

93 

93 

92 

91*0 

87 

9i 

95 

92 

93 

94 

94 

93 

94 

94 

95 

95 

92*9 

96 

96 

94 

95 

95 

94 

92 

95 

92 

95 

94 

94 

94*9 

96 

95 

97 

97 

97 

96 

92 

88* 

92 

92 

96 

95 

95-2 

94’3 

96-1 

96-3 

95-4 

955 

957 

95*8 

96-0 

95'4 

96-0 

96-2 

97-6 

96*42 

94*3 

96-1 

97*5 

97-5 

976 

97-8 

97'3 

98-2 

96*6 

96*0 

97-0 

977 

186 


U S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Local  mean  tiihe.  200  divisions  plus  tabular  quantity,  one  division  — 0 000109  in  parts  of  H.  All 

OCTOBER,  1885. 

[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

ib 

2b 

3h 

4h 

5h 

6h 

7h 

8h 

9h 

IOh 

nb 

Noon. 

! 

98 

98 

100 

• 99 

99 

97 

94 

93 

9i 

9i 

9i 

90 

2 

97 

9i 

94 

98 

97 

97 

96 

94 

94 

93 

93 

93 

3 

94 

97 

98 

102 

IOI 

102 

99 

97 

95 

94 

90 

88 

4 

95 

96 

97 

97 

97 

96 

94 

92 

93 

94 

97 

97 

5 

99 

99 

100 

100 

102 

100 

98 

96 

93 

95 

95 

97 

6 

98 

98 

99 

99 

98 

98 

96 

94 

94 

96 

97 

100 

7 

98 

97 

96 

100 

98 

IOI 

100 

97 

94 

92 

95 

94 

8 

99 

99 

98 

97 

97 

98 

94 

92 

90 

93 

96 

98 

9 

9i 

93 

94 

94 

97 

96 

97 

9i 

95 

96 

102* 

104* 

10 

99 

100 

100 

99 

99 

99 

96 

92 

89 

9i 

94 

98 

11 

97 

98 

98 

97 

97 

98 

99 

96 

92 

93 

95 

94 

12 

93 

95 

97 

100 

98 

97 

97 

94 

9i 

86 

91 

92 

13 

IOI 

106* 

98 

96 

98 

IOI 

IOI 

94 

90 

87 

87 

9i 

14 

90 

93 

98 

97 

95 

100 

96 

96 

9i 

90 

90 

90 

15 

92 

90 

94 

96 

97 

96 

96 

93 

9i 

90 

86 

88 

16 

89 

9i 

94 

95 

94 

99 

96 

92 

89 

9i 

9i 

9i 

17 

97 

98 

97 

97 

98 

99 

98 

96 

94 

94 

94 

94 

18 

99 

98 

100 

96 

96 

98 

96 

92 

90 

9i 

9i 

90 

19 

96 

100 

98 

99 

100 

99 

100 

100 

98 

95 

96 

98 

20 

98 

98 

99 

98 

99 

99 

97 

95 

92 

93 

94 

95 

21 

98 

98 

99 

98 

98 

98 

96 

91 

87 

86 

9i 

95 

22 

92 

95 

98 

99 

IOI 

99 

100 

92 

89 

9i 

94 

94 

23 

96 

98 

93 

93 

93 

93 

9i 

87 

87 

88 

90 

92 

24 

93 

95 

96 

96 

96 

94 

96 

92 

92 

95 

95 

95 

25 

95 

9i 

92 

94 

96 

94 

96 

93 

9i 

90 

88 

9i 

26 

93 

93 

95 

96 

96 

96 

94 

92 

90 

9i 

9i 

93 

27 

95 

103 

97 

97 

99 

IOI 

98 

94 

89 

92 

93 

93 

28 

100 

98 

100 

IOI 

100 

IOI 

104 

99 

96 

9i 

89 

9i 

29 

94 

94 

94 

94 

95 

95 

98 

98 

92 

92 

93 

94 

30 

92 

96 

99 

103 

103 

99 

IOI 

99 

95 

93 

92 

94 

3i 

94 

94 

94 

96 

99 

95 

97 

92 

92 

93 

94 

9i 

Monthly? 
mean  $ 

95-5 

96-5 

97-0 

97*5 

97-8 

97*9 

97*i 

94-o 

918 

91-8 

927 

93*7 

Normal 

955 

96- 1 

97*o 

97*5 

97*8 

97*9 

97-1 

94*o 

91-8 

91-8 

92*4 

93*4 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory . 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

OCTOBER,  1885. 


1 3h 

Hh 

i5u 

i6h 

i7h 

18“ 

1911  . 

20tt 

2Ih 

22h 

23“ 

Mid- 

night. 

Daily 

mean. 

95 

96 

96 

98 

94 

96 

98 

98 

IOO 

96 

93 

92 

95*5  d 

95 

96 

96 

92 

92 

93 

95 

98 

94 

93 

95 

95 

94-6 

88 

9i 

93 

96 

96 

98 

98 

97 

97 

95 

96 

95 

957 

97 

99 

IOO 

102 

102 

102 

IOI 

IOI 

IOO 

IOO 

99 

99 

97-8 

100 

99 

97 

97 

98 

97 

96 

97 

97 

97 

98 

97 

977 

100 

IOI 

98 

97 

97 

99 

IOO 

IOO 

99 

97 

97 

IOO 

98-0 

94 

96 

96 

97 

97 

97 

96 

97 

98 

98 

98 

99 

96-9 

100 

IOI 

IOO 

IOI 

97 

94 

77* 

92 

93 

92 

90 

90 

94'9 

103 

103 

IOI 

92 

94 

97 

98 

98 

98 

99 

99 

98 

97-1 

99 

IOO 

IOO 

IOO 

99 

IOO 

IOO 

97 

97 

95 

97 

96 

97*3 

• 

94 

97 

97 

89 

84* 

87 

90 

93 

93 

90 

9i 

9l 

93*8 

9i 

90 

90 

96 

94 

93 

94 

95 

96 

96 

92 

96 

93*9 

92 

96 

95 

95 

96 

96 

96 

94 

92 

9i 

95 

89 

94‘9 

93 

93 

90 

93 

94 

93 

94 

94 

9i 

88 

93 

105* 

93-6 

93 

95 

92 

9i 

86* 

85* 

85* 

84* 

83* 

85* 

94 

97 

90  -8 

92 

93 

96 

97 

97 

96 

97 

IOO 

99 

98 

97 

97 

94-6 

94 

95 

94 

98 

IOO 

99 

IOO 

IOO 

99 

IOO 

IOO 

97 

97-2 

87 

88 

92 

89 

93 

94 

96 

96 

99 

99 

98 

97 

94*4 

94 

95 

93 

94 

95 

97 

98 

94 

96 

96 

98 

98 

97*o 

96 

98 

98 

99 

IOO 

99 

99 

99 

98 

99 

98 

98 

.97*4 

99 

IOO 

IOO 

IOI 

104 

105* 

105* 

106* 

105* 

102 

IOO 

97 

98*3 

94 

92 

95 

93 

94 

90 

92 

9i 

94 

94 

97 

97 

94*5 

90 

92 

89 

9i 

92 

93 

94 

95 

96 

95 

94 

93 

92-3 

93 

94 

96 

93 

95 

96 

94 

93 

94 

95 

94 

95 

94*5 

95 

96 

96 

96 

96 

96 

93 

94 

92 

93 

92 

93 

93*5 

97 

96 

98 

96 

96 

96 

95 

95 

95 

94 

98 

96 

94*7 

96 

93 

93 

93 

98 

93 

90 

86* 

88 

92 

96 

99 

94*5 

96 

95 

98 

95 

99 

IOO 

90 

94 

89 

87 

9i 

92 

95*7 

96 

94 

97 

97 

97 

96 

93 

95 

9i 

87 

87 

9'2 

94*o 

9i 

90 

92 

92 

94 

93 

85* 

84* 

85* 

88 

9i 

92 

93*5 

86 

89 

93 

95 

95 

93 

87 

84* 

89 

88 

90 

92 

92-2 

94'5 

95'3 

95*5 

95*3 

95-6 

95*6 

94'4 

94*9 

94*7 

94-2 

95*i 

95-6 

95*i8 

94’5 

95-3 

95*5 

95*3 

96-4 

95*6 

95*3 

96-0 

94’9 

94*5 

95*i 

95*3 
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U S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0*000109  in  parts  of  H.  All 

NOVEMBER,  1885. 

[For  the  explanation  of  these  tables  see  pp.  53, 54.] 


Day. 

lb 

2b 

3h 

4h 

5h  ‘ 

6h 

7h 

8h 

9h 

IOh 

1 1 h Noon. 

! 

96 

97 

98 

99 

98 

100 

96 

9i 

95 

90 

9i 

90 

2 

91 

92 

94 

95 

95 

95 

94 

92 

88 

86 

83 

84 

3 

93 

94 

96 

97 

98 

99 

100 

98 

95 

94 

94 

96 

4 

98 

99 

98 

100 

100 

100 

98 

97 

94 

94 

95 

97 

5 

98 

98 

99 

98 

98 

98 

98 

98 

98 

98 

96 

92 

6 

96 

97 

96 

98 

99 

99 

98 

97 

92 

90 

90 

96 

7 

98 

100 

IOI 

102 

IOI 

98 

97 

94 

92 

90 

92 

9i 

8 

86 

93 

93 

90 

92 

93 

9i 

90 

88 

88 

89 

9i 

9 

94 

95 

95 

96 

97 

98 

96 

93 

89 

84 

86 

87 

•IO 

89 

88 

92 

97 

98 

94 

92 

90 

87 

88 

85 

80* 

11 

94 

107* 

100 

9i 

95 

96 

100 

9i 

84* 

80* 

81* 

81* 

12 

90 

89 

90 

90 

90 

9i 

92 

9i 

89 

80* 

81* 

85 

13 

9i 

93 

95 

94 

93 

94 

95 

94 

92 

90 

87 

88 

H 

94 

94 

95 

97 

96 

94 

93 

9i 

9i 

90 

89 

9i 

15 

95 

95 

95 

95 

96 

96 

98 

97 

96 

93 

92 

92 

16 

97 

98 

98 

98 

100 

100 

99 

97 

95 

92 

90 

90 

i7 

97 

98 

96 

97 

97 

98 

99 

99 

96 

93 

93 

93 

18 

98 

99 

99 

108* 

106 

103 

104 

IOI 

100 

95 

84 

78* 

19 

89 

89 

94 

94 

93 

94 

95 

99 

93 

94 

9i 

88 

20. 

9i 

92 

92 

94 

94 

95 

95 

96 

93 

90 

92 

92 

21 

95 

96 

94 

95 

96 

96 

97 

97 

94 

90 

9i 

94 

22 

94 

98 

100 

98 

98 

97 

98 

94 

93 

92 

94 

95 

23 

98 

95 

95 

95 

96 

97 

98 

97 

94 

9i 

90 

89 

24 

96 

99 

96 

97 

98 

98 

99 

99 

99 

98 

96 

95 

25 

92 

94 

94 

96 

98 

98 

97 

96 

94 

92 

93 

92 

26 

105* 

95 

96 

98 

96 

98 

100 

102 

102 

102* 

100 

98 

27 

95 

96 

96 

97 

96 

96 

96 

98 

96 

96 

94 

92 

28 

96 

96 

97 

100 

103 

100 

102 

104 

103 

100 

97 

95 

29 

99 

99 

99 

100 

100 

IOI 

102 

105 

107* 

104* 

102* 

100 

3° 

98 

98 

99 

100 

100 

100 

100 

IOI 

102 

100 

96 

95 

Monthly) 
mean  $ 

94*8 

95-8 

96*1 

96*9 

97*2 

97*2 

97'3 

96-3 

94*4 

92*1 

911 

909 

Normal 

94*4 

95'4 

96*1 

9^5 

97*2 

97*2 

97*3 

96*3 

94’3 

92*1 

91*4 

92*1 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 


readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

NOVEMBER,  1885. 


I3h 

I4h 

i5h 

i6h 

17b 

i8h 

I9h 

20h 

21^ 

22h 

23h 

Mid- 

night. 

Daily 

mean. 

90 

89 

91 

93 

93 

94 

93 

93 

93 

92 

93 

9i 

93 ‘6d 

85 

87 

93 

96 

98 

98 

98 

97 

95 

92 

89 

92 

92-0 

96 

96 

97 

99 

100 

100 

100 

100 

TOO 

99 

99 

99 

97'5 

99 

99 

100 

100 

99 

100 

100 

99 

99 

100 

98 

98 

98-4 

93 

94 

95 

9i 

94 

98 

99 

97 

97 

96 

95 

96 

96*4 

96 

97 

99 

99 

98 

98 

97 

97 

97 

97 

97 

99 

96-6 

87 

88 

88 

86 

87 

83* 

85* 

78* 

80* 

79* 

80* 

83* 

90*0 

9i 

89 

92 

95 

94 

92 

92 

93 

93 

94 

94 

95 

91-6 

88 

94 

94 

86 

86* 

82* 

76* 

79* 

81* 

90 

85 

85 

89*0 

84 

84 

87 

86 

96 

96 

98 

96 

93 

82* 

93 

92 

90-3 

81* 

80* 

89 

90 

85* 

89 

9i 

87 

87 

89 

87 

9i 

89*4 

87 

88 

90 

92 

93 

9i 

91 

92 

90 

9i 

93 

9i 

89-5 

90 

9i 

9i 

92 

90 

9i 

92 

92 

92 

93 

93 

93 

91-9 

90 

90 

95 

97 

98 

96 

96 

96 

95 

94 

95 

94 

93*8 

92 

92 

93 

94 

96 

96 

96 

97 

96 

96 

96 

96 

95*o 

9i 

93 

93 

98 

99 

98 

98 

97 

98 

97 

97 

97 

96  *3 

92 

95 

97 

97 

98 

98 

98 

97 

98 

97 

97 

97 

96-5 

68* 

84 

83 

81* 

80* 

78* 

81* 

83* 

78* 

78* 

86 

87 

89*3 

90 

87 

87 

92 

89 

89 

89 

89 

92 

90 

9i 

92 

9i*3 

9i 

9i 

90 

93 

94 

93 

93 

93 

93 

92 

93 

93 

927 

95 

94 

93 

94 

93 

92 

93 

95 

94 

93 

95 

94 

94*2 

95 

95 

96 

96 

96 

95 

95 

92 

92 

93 

92 

92 

95*o 

9i 

95 

96 

96 

97 

97 

97 

97 

97 

97 

97 

97 

95*4 

94 

93 

93 

94 

93 

94 

94 

9i 

88 

88 

94 

9i 

94*9 

92 

92 

93 

96 

96 

98 

96 

94 

9i 

92 

92 

9i 

94*i 

94 

94 

95 

96 

98 

97 

96 

94 

95 

96 

95 

93 

97*3 

9i 

94 

96 

98 

98 

96 

96 

97 

97 

94 

94 

94 

95*5 

93 

93 

94 

96 

98 

98 

98 

98 

98 

98 

99 

99 

981 

•98 

97 

96 

98 

100 

100 

100 

100 

99 

99 

99 

98 

ioo-i 

95 

96 

99 

100 

100 

99 

99 

98 

99 

97 

95 

99 

98-5 

90-6 

917 

93-2 

94*o 

94'5 

94-2 

94-2 

93-6 

93*2 

92-8 

93*4 

936 

94*13 

917 

921 

93‘5 

94'5 

957 

957 

957 

95'i 

947 

94*3 

93*9 

94-0 

190 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division ^=0-000109  in  parts  of  H.  All 

DECEMBER,  1885. 


[For  the  explanation  of  these  tables  see  pp.  53, 54.] 


Day. 

ih 

2h 

3h 

4h 

5h 

6h 

7b 

8h 

9h 

IOh 

ii* 

Noon. 

I 

97 

IOO 

102 

102 

104 

105* 

IOO 

97 

92 

98 

96 

97 

2 

’ 92 

94 

95 

94 

96 

97 

97 

97 

96 

94 

92 

9i 

3 

93 

94 

95 

95 

98 

99 

IOO 

IOI 

98 

96 

94 

93 

4 

95 

95 

95 

96 

96 

96 

98 

98 

96 

95 

94 

94 

5 

96  * 

96 

96 

97 

98 

98 

99 

IOO 

102 

IOO 

98 

IOO* 

6 

98 

96 

96 

96 

96 

97 

99 

97 

90 

104* 

90 

89 

7 

9i 

92 

92 

97 

98 

95 

89 

99 

9i 

87 

87 

76* 

8 

9i 

96 

95 

90 

90 

90 

90 

90 

87 

80* 

86 

83 

9 

92 

90 

92 

9i 

9i 

92 

92 

9i 

89 

86 

84 

87 

10 

93 

89 

92 

93 

93 

92 

94 

93 

90 

88 

84 

83 

1 1 

90 

90 

90 

94 

92 

93 

93 

93 

9i 

88 

86 

86 

12 

92 

92 

92 

93 

93 

93 

93 

93 

92 

90 

87 

86 

13 

93 

93 

94 

94 

94 

95 

96 

97 

95 

9i 

87 

87 

H 

93 

93 

96 

95 

96 

98 

IOI 

98 

96 

92 

87 

82 

15 

90 

92 

9i 

92 

94 

94 

96 

99 

97 

93 

88 

85 

16 

92 

9i 

93 

93 

94 

96 

96 

98 

97 

95 

92 

90 

• 17 

95 

95 

95 

96 

97 

96 

98 

99 

98 

96 

9i 

88 

18 

93 

90 

95 

94 

93 

94 

96 

98 

95 

95 

93 

89 

19 

91 

93 

92 

93 

94 

95 

97 

97 

93 

94 

92 

90 

20 

86 

90 

90 

90 

94 

92 

93 

94 

92 

90 

86 

86 

21 

90 

92 

94 

95 

94 

94 

96 

95 

93 

94 

93 

94 

22 

93 

93 

94 

95 

95 

96 

95 

96 

97 

94 

90 

9i 

23 

92 

92 

92 

92 

92 

93 

92 

94 

94 

9i 

88 

89 

24 

95 

95 

95 

96 

96 

96 

97 

96 

96 

93 

89 

90 

25 

98 

98 

99 

IOO 

IOI 

IOO 

IOI 

IOO 

98 

9i 

85 

90 

26 

92 

93 

97 

97 

98 

97 

99 

99 

98 

95 

9i 

90 

27 

94 

94 

94 

94 

94 

95 

95 

96 

95 

93 

92 

90 

28 

95 

97 

99 

IOO 

95 

98 

97 

99 

98 

96 

94 

89. 

29 

92 

92 

92 

93 

93 

92 

92 

92 

92 

90 

89 

88 

30 

93 

94 

97 

96 

97 

99 

102 

IOI 

102 

99 

96 

IOI* 

3i 

96 

97 

98 

98 

99 

IOI 

IOI 

103 

104 

IOI 

98 

97 

Monthly ) 
mean  ^ 

930 

93*5 

94*5 

94-9 

95’3 

957 

96*3 

96-8 

95*o 

93*2 

90-4 

89M 

Normal 

93*o 

93’5 

94-5 

94*9 

95*3 

95*5 

96-3 

96-8 

95*o 

93‘3 

9°*4 

89-1 

REPORT  FOR  1891 — PART  II. 


191 


HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory . 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

DECEMBER,  1885. 


I3h 

i4h 

I5h 

i6h 

I7h 

i8h 

I9h 

20h 

2Ih 

22h 

2 3b 

Mid- 

night. 

Daily 

mean. 

99* 

94 

86 

90 

89 

88 

83* 

82* 

84 

87 

89 

90 

93'8d 

92 

9i 

90 

92 

95 

94 

95 

94 

93 

93 

94 

95 

93’9 

92 

92 

94 

95 

96 

97 

97 

96 

96 

95 

95 

95 

957 

94 

94 

94 

96 

96 

98 

98 

99 

98 

98 

97 

96 

96-1 

100* 

103* 

103* 

IOI 

99 

102 

102 

100 

97 

94 

90 

90 

98-4 

100* 

8.3 

85 

87 

84* 

84* 

77* 

76* 

80* 

86 

83 

93 

90-2 

88 

87 

89 

66* 

78* 

77* 

84* 

84* 

84 

88 

86 

87 

87-2 

88 

80* 

85 

82* 

84* 

83* 

82* 

89 

86 

87 

9i 

93 

87*4 

90 

89 

86 

89 

90 

89 

89 

87 

89 

90 

9i 

94 

89*6 

86 

90 

92 

92 

92 

90 

89 

89 

. 89 

90 

89 

89 

90-0 

90 

93 

93 

92 

93 

93 

93 

93 

92 

92 

92 

92 

91*5 

86 

88 

93 

95 

96 

96 

97 

97 

96 

94 

92 

92 

92-4 

89 

89 

94 

95 

96 

96 

97 

97 

97 

96 

94 

93 

937 

84 

90 

94 

93 

92 

91 

93 

92 

93 

93 

9i 

9i 

927 

85 

87 

93 

94 

94 

95 

96 

96 

97 

95 

94 

92 

92-9 

89 

90 

92 

94 

94 

94 

95 

97 

97 

96 

96 

95 

94-0 

88 

91 

93 

94 

94 

93 

9i 

89 

91 

9i 

90 

92 

93 '4 

88 

88 

88 

90 

92 

92 

90 

88 

90 

90 

9i 

91 

91*8 

89 

88 

90 

9i 

9i 

85* 

90 

9i 

9i 

89 

88 

88 

9 1*3 

88 

88 

89 

93 

95 

95 

93 

88 

87 

95 

88 

87 

9°*4 

93 

9i 

9i 

9i 

87 

84* 

87 

89 

9i 

92 

91 

89 

917 

90 

92 

92 

93 

94 

94 

93 

93 

93 

93 

93 

92 

93-4 

86 

88 

92 

94 

93 

9i 

9i 

91 

92 

93 

93 

94 

91-6 

90 

92 

96 

98 

97 

97 

97 

95 

95 

94 

96  . 

97 

94‘9 

92 

95 

98 

99 

99 

99 

98 

97 

96 

93 

91 

90 

96-3 

90 

94 

96 

98 

97 

96 

93 

96 

97 

96 

94 

93 

95-3 

90 

94 

98 

100 

100 

TOO 

99 

99 

99 

95 

92 

9i 

9<5‘I 

88 

89 

90 

94 

9i 

91 

9i 

87 

9i 

93 

92 

92 

93-6 

90 

95 

97 

98 

96 

97 

96 

96 

94 

93 

94 

94 

93-2 

96 

92 

93 

95 

98 

97 

97 

96 

96 

96 

96 

96 

96*9 

97 

97 

97 

97 

98 

99 

99 

97 

98 

93 

94 

95 

98*1 

90*5 

90-8 

92-4 

92-8 

93-2 

92*8 

92-6 

92-3 

92*5 

92-6 

91*8 

92-2 

93-10 

89-6 

907 

92-0 

94-1 

94*4 

94-9 

94‘3 

93-5 

93-o 

92*6 

91*8 

92*2 

192 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = O' 000109  in  parts  of  H.  All 

JANUARY,  1 886. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

ih 

2h 

3h 

4h 

5h 

6b 

7h 

8h 

9h 

IOh 

nh 

Noon. 

I 

94 

95 

95 

97 

99 

99 

99 

102 

102 

100* 

96 

95* 

2 

90 

93 

92 

95 

96 

107* 

104* 

106* 

103* 

IOI* 

98* 

92 

3 

90 

90 

9i 

93 

94 

95 

92 

97 

98 

94 

87 

85 

4 

9i 

88 

90 

92 

93 

93 

97 

94 

94 

88 

87 

86 

5 

90 

89 

9i 

9i 

94 

92 

92 

92 

9i 

88 

82 

82 

6 

90 

88 

89 

90 

90 

92 

90 

90 

90 

92 

90 

89 

7 

93 

94 

94 

94 

94 

94 

92 

92 

93 

90 

86 

85 

8 

92 

92 

92 

92 

9i 

92 

93 

93 

93 

90 

88 

97* 

9 

86 

78* 

56* 

75* 

70* 

76* 

78* 

79* 

93 

78* 

37* 

41* 

IO 

75* 

77* 

77* 

80* 

79* 

81* 

81* 

80* 

78* 

77* 

75* 

72* 

83 

84 

84 

88 

86 

84 

87 

87 

87 

83 

79 

77 

12 

86 

86 

86 

87 

87 

88 

86 

87 

87 

85 

81 

79 

13 

85 

86 

86 

86 

87 

88 

88 

87 

86 

82 

76* 

73* 

H 

88 

88 

9i 

89 

92 

94 

92 

95 

9i 

90 

87 

84 

15 

87 

88 

88 

89 

90 

92 

90 

92 

90 

87 

82 

78 

16 

89 

86 

92 

93 

90 

90 

9i 

93 

94 

87 

81 

78 

17 

90 

90 

90 

90 

9i 

92 

93 

94 

93 

90 

86 

84 

l8 

90 

90 

91 

92 

92 

93 

93 

94 

95 

95 

93 

92 

19 

89 

88 

87 

9i 

96 

95 

98 

90 

95 

87 

82 

79 

20 

83 

86 

86 

86 

88 

90 

90 

92 

92 

• 92 

89 

85 

21 

90 

90 

89 

92 

9i 

9i 

92 

92 

92 

9i 

89 

87 

22 

89 

89 

90 

92 

92 

93 

98 

96 

93 

9i 

88 

84 

23 

88 

90 

89 

88 

90 

90 

9i 

91 

9i 

90 

9i 

89 

24 

93 

93 

94 

94 

95 

96 

95 

97 

96 

92 

90 

85 

25 

9! 

9i 

91 

93 

94 

95 

97 

99 

98 

96 

93 

9i 

26 

94 

93 

94 

94 

98 

98 

98 

99 

98 

96 

92 

89 

27 

93 

92 

95 

93 

94 

94 

94 

96 

98 

97 

93 

89 

28 

90 

92 

94 

95 

97 

98 

99 

101 

104* 

103* 

100* 

95* 

29 

87 

104* 

85 

90 

9i 

93 

92 

97 

98 

98 

96 

94 

30 

88 

90 

90 

93 

96 

99 

96 

96 

97 

96 

92 

93 

31 

9i 

9i 

92 

9i 

92 

93 

94 

94 

95 

92 

87 

84 

Monthly^ 
mean  $ 

88-9 

89-4 

887 

90-5 

91*2 

92'5 

92-6 

93*4 

937 

90-9 

86-2 

84*3 

Normal 

89'3 

897 

90-3 

91*4 

92*4 

93’9 

93-i 

939 

936 

907 

88-o 

856 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory . 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

JANUARY,  1886. 


I3h 

i4h 

i5h 

i6b 

i7h 

i8h 

1911 

20 h 

2Ih 

22h 

23h 

Mid- 

night. 

Daily 

mean. 

95* 

96* 

94 

90 

90 

95 

96 

92 

94 

93 

97 

96 

95 '8d 

91 

87 

90 

88 

88 

87 

89 

89 

91 

87 

87 

88 

93*3 

86 

84 

87 

90 

90 

88 

80* 

86 

90 

97 

84 

93 

90-0 

86 

85 

88 

89 

89 

89 

89 

91 

89 

86 

88 

9i 

897 

86 

87 

88 

87 

88 

90 

90 

90 

90 

92 

90 

90 

89-3 

89 

88 

90 

92 

93 

94 

93 

93 

92 

93 

93 

94 

910 

84 

87 

90 

92 

93 

93 

93 

94 

94 

93 

93 

92 

91*6 

99* 

IOI* 

100* 

100* 

97 

94 

89 

84 

88 

90 

95 

90 

93-0 

50* 

53* 

60* 

65* 

67* 

70* 

69* 

67* 

68* 

68* 

67* 

75* 

67-8 

72* 

73* 

78* 

80 

81 

82 

82 

82 

83 

82 

82 

83 

788 

78 

82 

87 

88 

86 

86 

86 

84 

83 

83 

85 

86 

84-3 

79 

83 

86 

87 

87 

87 

88 

87 

86 

87 

85 

85 

85-5 

76 

86 

88 

9i 

9i 

90 

90 

89 

92 

88 

88 

88 

86- 1 

84 

86 

86 

86 

87 

87 

86 

86 

82 

84 

88 

86 

87-9 

79 

82 

83 

84 

85 

84 

86 

88 

88 

88 

87 

88 

86-5 

80 

83 

88 

90 

90 

90 

90 

90 

90 

90 

90 

90 

88-5 

86 

88 

90 

92 

92 

93 

92 

92 

9i 

9i 

90 

90 

90-4 

90 

89 

89 

89 

89 

90 

89 

88 

84 

87 

89 

90 

90-5 

77 

76* 

77* 

82 

76* 

77* 

78* 

83 

83 

86 

85 

85 

85-1 

86 

88 

83 

88 

89 

90 

90 

89 

90 

90 

88 

89 

88-3 

77 

83 

89 

87 

78* 

88 

88 

85 

83 

84 

89 

89 

87-8 

86 

87 

88 

90 

90 

88 

87 

88 

84 

87 

88 

88 

89-4 

88 

89 

90 

90 

9i 

92 

92 

92 

92 

9i 

92 

92 

90-4 

86 

88 

87 

88 

92 

92 

92 

92  • 

92 

92 

92 

9i 

91-8 

86 

88 

9i 

94 

95 

96 

97 

97 

95 

93 

93 

94 

937 

86 

88 

89 

90 

92 

92 

93 

92 

92 

9i 

93 

92 

93’° 

85 

84 

' 88 

89 

94 

93 

9i 

90 

9i 

90 

90 

9i 

91-8 

94* 

95 

97 

97  . 

102* 

95 

9i 

84 

83 

82 

79* 

81 

937 

92 

91 

91 

93 

88 

72* 

74* 

69* 

76* 

81 

82 

9i 

88-5 

89 

85 

83 

86 

88 

82 

92 

92 

90 

9i 

90 

9i 

91-0 

.82 

82 

84 

87 

90 

93 

91 

92 

92 

92 

92 

92 

90- 2 

84-0 

85-3 

87-1 

88*4 

88-6 

88-4 

88-2 

87-6 

877 

88-o 

88-i 

89- 1 

88-87 

84-4 

86-3 

88-3 

88-8 

89-8 

90-0 

90-1 

89*0 

88-8 

887 

89-1 

89-5 

H.  Ex.  43;  pt.  2—13 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0-000109  in  parts  of  H.  All 

FEBRUARY,  1886. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

I* 

2h 

3h 

4h 

5h 

6b 

7 11 

8^ 

9h 

IO11 

nh  Noon. 

I 

93 

93 

92 

94 

95 

97 

99 

IOI 

99 

98 

94 

90 

2 

90 

91 

94 

94 

94 

96 

99 

100 

99 

96 

94 

88 

3 

97 

97 

95 

95 

98 

97 

100 

97 

95 

97 

98 

96 

4 

94 

93 

95 

95 

96 

98 

100 

102 

102  . 

100 

94 

93 

5 

87 

93 

90 

92 

92 

97 

9i 

94 

95 

89 

87 

81* 

6 

93 

93 

92 

92 

92 

94 

94 

95 

97 

98 

96 

9i 

7. 

92 

88 

9i 

94 

94 

94 

96 

97 

98 

97 

96 

94 

8 

9i 

92 

95 

98 

95 

9i 

93 

95 

92 

90 

94 

92 

9 

94 

95 

96 

95 

95 

96 

97 

97 

95 

95 

94 

94 

IO 

83 

87 

89 

9i 

88 

95 

92 

95 

96 

93 

91 

86 

n 

86 

89 

94 

94 

92 

94 

98 

96 

95 

94 

90 

77* 

12 

92 

90 

9i 

9i 

93 

94 

93 

94 

94 

9i 

92 

90 

13 

92 

93 

94 

94 

95 

95 

95 

94 

92 

90 

88 

86 

H 

93 

94 

94 

95 

97 

97 

97 

97 

97 

95 

94 

88 

i5 

93 

95 

94 

94 

96 

95 

96 

97 

97 

97 

99 

98 

16 

86 

9i 

96 

94 

94 

95 

95 

95 

96 

97 

95 

95 

i7 

85 

88 

90 

90 

9i 

9i 

94 

95 

99 

99 

94 

94 

18 

9i 

9i 

92 

93 

94 

93 

96 

99 

92 

97 

95 

88 

l9 

9i 

92 

92 

9i 

92 

90 

89 

94 

97 

97 

93 

82* 

20 

94 

92* 

92 

90 

92 

93 

92 

95 

96 

93 

9i 

87 

21 

92 

9i 

92 

92 

93 

93 

9i 

94 

9i 

84* 

86 

9i 

22 

92 

94 

94 

93 

94 

99 

96 

94 

102 

96 

86 

80* 

23 

90 

9i 

92 

93 

91 

9i 

92 

92 

92 

92 

90 

88 

24 

93 

94 

94 

95 

95 

95 

100 

100 

98 

99 

IOI 

98 

25 

93 

97 

95 

98 

97 

98 

98 

98 

97 

99 

98 

98 

26 

96 

99 

99 

98 

98 

98 

100 

IOI 

100 

98 

97 

92 

27 

93 

93 

96 

92 

94 

93 

96 

100 

98 

96 

96 

94 

28 

95 

95 

95 

97 

97 

96 

95 

95 

97 

100 

99 

97 

Monthly ) 
mean  5 

9i'5 

92*5 

93*4 

937 

94-1 

94*8 

957 

96-5 

96-4 

95-2 

93-6 

90-3 

Normal 

9i-5 

92*5 

93*4 

937 

94-1 

94-8 

95*5 

96-5 

96*4 

95-6 

93-6 

920 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

FEBRUARY,  1886. 


I3h 

14b 

I5h 

i6h 

i7h 

i8h 

19b 

20h 

2Ih 

22h 

23b 

Mid- 

night. 

Daily 

mean. 

92 

96 

94 

95 

95 

96 

96 

94 

92 

90 

87 

88 

94'2d 

90 

86 

90 

92 

94 

94 

94 

93 

95 

94 

93 

93 

93'5 

92 

9i 

93 

94 

94 

93 

9i 

90 

92 

93 

93 

94 

94-5 

92 

89 

90 

9i 

91 

92 

90 

92 

96 

95 

92 

89 

94-2 

81* 

82 

83 

82 

86 

90 

9i 

90 

90 

90 

9i 

9i 

89-0 

87 

88 

88 

9i 

92 

94 

95 

92 

9i 

89 

92 

93 

92-5 

93 

9i 

92 

92 

94 

94 

90 

82* 

88 

88 

92 

9i 

92-4 

92 

91 

91 

9i 

93 

95 

95 

95 

94 

94 

93 

93 

93-i 

94 

94 

95 

95 

96 

97 

98 

96 

95 

91 

88 

86 

94'5 

86 

88 

86 

88 

9i 

90 

70* 

70* 

7i* 

76* 

84 

84 

86-2 

82 

80* 

87 

86 

86 

90 

91 

9i 

9i 

9i 

89 

89 

897 

89 

86 

87 

89 

90 

92 

92 

91 

90 

9i 

92 

92 

91-1 

86 

88 

90 

92 

92 

93 

93 

93 

93 

92 

92 

92 

91-8 

88 

90 

93 

96 

95 

97 

97 

98 

97 

95 

96 

94 

94-8 

97 

97 

98 

98 

94 

97  , 

98 

99 

98 

98 

96 

97 

96-6 

94 

85 

78* 

77* 

81* 

79* 

75* 

84 

87 

81* 

80* 

81* 

88-o 

92 

9i 

88 

90 

90 

88 

86 

87 

89 

92 

90 

90 

91-0 

92 

9i 

89 

82 

85 

86 

75* 

81* 

85 

88 

88 

90 

897 

85 

89 

87 

86 

86 

88 

88 

86 

88 

89 

88 

87 

89-5 

80* 

84 

87 

9i 

9i 

90 

88 

86 

88 

89 

90 

92 

90- 1 

89 

87 

85 

86 

89 

90 

89 

89 

88 

87 

88 

90 

89-5 

82 

79* 

81* 

86 

86 

78* 

86 

87 

87 

88 

88 

89 

89-0 

9i 

94 

94 

92 

9i 

92 

93 

94 

94 

93 

93 

93 

92-0 

96 

93 

90 

94 

92 

94 

96 

96 

94 

95 

95 

95 

95-5 

96 

97 

98 

97 

98 

98 

99 

98 

98 

97 

95 

96 

97-2 

90 

90 

9i 

94 

95 

95 

95 

95 

95 

93 

93 

92 

95 '6 

93 

92 

90 

90 

92 

94 

94 

94 

94 

93 

94 

94 

94-0 

96 

97 

96 

98 

97 

97 

97 

95  . 

95 

94 

94 

94 

96:2 

899 

89*5 

897 

90-5 

9i  '3 

919 

90S 

90-6 

91-2 

909 

90-9 

91*0 

92*33 

90-6 

90-3 

90-5 

91-0 

917 

92-9 

92-9 

92-2 

92-0 

919 

9i'3 

91-4 
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U.  S.  COAST  AND  GEODETIC  SURVEY, 


DIFFERENTIAL  MEASURES  — 

Hourly  readings  from  the  photographic  traces  of  the  hijilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0‘000109  in  parts  of  H.  All 

MARCH,  1886. 

[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

ih 

2h 

3h 

4h 

5h 

6h 

7h 

8h 

9h 

IOh 

nh 

Noon. 

! 

95 

95 

95 

95 

95 

96 

96 

93 

95 

96 

94 

92 

2 

96 

95 

94 

94 

95 

96 

93 

92 

90 

85 

84 

86 

3 

98 

98 

98 

100 

100 

92 

96 

96 

90 

83 

83 

81 

4 

92 

99 

95 

93 

93 

94 

93 

9i 

9i 

89 

87 

84 

5 

94 

93 

94 

94 

95 

96 

98 

98 

99 

100* 

96 

93 

6 

95 

94 

94 

96 

95 

94 

96 

101 

100* 

100* 

98* 

96 

7 

9i 

94 

93 

92 

99 

96 

93 

95 

89 

90 

86 

87 

8 

9i 

92 

9i 

92 

93 

93 

93 

9i 

90 

88 

86 

88 

9 

95 

94 

93 

98 

97 

96 

98 

96 

95 

94 

94 

96 

10 

94 

94 

98 

100 

96 

93 

97 

96 

96 

98 

99* 

99* 

11 

93 

95 

97 

95 

98 

95 

94 

93 

89 

89 

88 

87 

12 

94 

97 

98 

98 

98 

98 

98 

98 

96 

93 

9i 

88 

13 

94 

94 

96 

96 

97 

97 

96 

94 

94 

95 

96 

93 

14 

97 

97 

97 

98 

98 

97 

97 

96 

95 

94 

95 

92 

15 

94 

9i 

93 

94 

95 

96 

96 

95 

94 

95 

94 

94 

16 

99 

94 

93 

92 

96 

92 

94 

96 

92 

89 

84 

86 

17 

89 

92 

93 

92 

93 

95 

95 

94 

90 

88 

85 

82 

18 

84* 

87 

89 

93 

94 

90 

96 

95 

93 

92 

85 

76* 

19 

87 

87 

90 

92 

90 

9i 

90 

89 

88 

84 

87 

92 

20 

104* 

88 

87 

87 

90 

88 

89 

87 

89 

93 

95 

94 

21 

89 

9i 

90 

95 

93 

92 

9i 

89 

87 

87 

9i 

9i 

22 

88 

89 

96 

95 

9i 

90 

90 

86 

82 

81 

80 

80 

23 

95 

95 

96 

97 

97 

94 

94 

88 

88 

83 

80 

81 

24 

90 

92 

93 

94 

92 

95 

94 

92 

88 

85 

88 

89 

25 

88 

92 

92 

92 

93 

93 

90 

89 

86 

83 

84 

87 

26 

94 

94 

95 

95 

96 

95 

94 

93 

89 

89 

9i 

9i 

27 

93 

97 

96 

95 

96 

94 

93 

86 

86 

88 

88 

88 

.28 

94 

94 

96 

98  , 

. 99 

94 

96 

94 

93 

95 

98* 

9i 

29 

97 

98 

93 

97 

97 

94 

92 

88 

87 

88 

89 

90 

30 

99 

123* 

80* 

82* 

70* 

74* 

73* 

59* 

56* 

5i* 

34* 

39* 

3i 

78* 

80* 

75* 

103 

84* 

81* 

70* 

70* 

67* 

66* 

58* 

63* 

Monthly! 
mean  $ 

929 

940 

929 

94-6 

94-0 

929 

927 

910 

89-2 

88-i 

867 

86-3 

Normal 

934 

93-5 

94-0 

95‘ 1 

95-2 

94-o 

94*2 

928 

90-8 

89-4 

88-6 

88-9 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

MARCH,  1886. 


I3h 

I4h 

I5h 

l6h 

i7h 

i8h 

I9h 

20h 

2Ih 

22* 

23h 

Mid- 

night. 

Daily 

mean. 

93 

94 

94 

93 

9i 

93 

94 

94 

92 

93 

94 

94 

94'°d 

89 

93 

99 

98 

97 

96 

92 

92 

96 

97 

98 

95 

93'4 

83 

86 

88 

89 

89 

90 

87 

9i 

92 

90 

90 

9i 

909 

87 

90 

92 

93 

92 

93 

94 

94 

95 

94 

9i 

94 

92- 1 

92 

93 

94 

92 

94 

95 

93 

95 

92 

92 

9i 

93 

94’4 

93 

95 

100 

9i 

9i 

92 

94 

88 

90 

93 

90 

94 

946 

9i 

88 

89 

9i 

92 

9i 

9i 

9i 

90 

90 

89 

90 

91*2 

93 

96 

94 

94 

93 

94 

94 

93- 

93 

93 

93 

94 

92-2 

96 

96 

95 

93 

94 

96 

97 

88 

83 

92 

94 

93 

94-3 

98 

98 

98 

96 

96 

97 

96 

96 

92 

92 

90 

93 

95'9 

88 

91 

94 

97 

92 

93 

94 

94 

94 

96 

94 

93 

93-0 

86 

88 

89 

89 

93 

94 

94 

93 

92 

9i 

9i 

93 

93’3 

9i 

93 

94 

93 

94 

96 

96 

97 

96 

97 

95 

95 

95-o 

90 

92 

96 

98 

99 

99 

98 

99 

97 

94 

92 

92 

95-8 

90 

93 

92 

94 

92  . 

92 

92 

9i 

91 

89 

84 

88 

92-5 

83 

87 

83 

83 

82* 

85 

88 

88 

90 

87 

89 

85 

89-0 

81 

85 

89 

9i 

94 

82* 

82* 

90 

81* 

81* 

87 

87 

88-3 

76* 

75* 

79* 

82 

78* 

81* 

84 

86 

86 

84 

78* 

82* 

i>5-2 

86 

63* 

79* 

62* 

82* 

71* 

8 1* 

78* 

80* 

95 

81* 

93 

84-1 

97 

93 

93 

90 

88 

90 

9° 

90 

92 

88 

9i 

90 

91-0 

90 

92 

86 

84 

82* 

86 

83 

90 

84 

86 

89 

95 

88-9 

80* 

81* 

85 

82 

88 

85 

81* 

86 

85 

90 

9i 

87 

86-2 

82 

85 

86 

90 

9i 

9i 

9i 

9i 

9i 

85 

87 

90 

89-5 

89 

88 

93 

95 

94 

94 

95 

88 

90 

89 

93 

89 

912 

86 

84 

90 

89 

9i 

92 

93 

92 

90 

92 

92 

91 

896 

94 

87 

86 

84 

83* 

81* 

83 

86 

92 

89 

91 

90 

911 

90 

89 

88 

84 

9i 

88 

9i 

88 

89 

89 

9i 

92 

904 

93 

94 

94 

94 

94 

78* 

9i 

95 

94 

92 

94 

90 

935 

92 

93 

94 

96 

95 

93 

9i 

92 

94 

96 

95 

93 

93' 1 

23* 

64* 

64* 

48* 

51* 

58* 

66* 

67* 

66* 

69* 

74* 

75* 

652 

75* 

86 

84 

74* 

75* 

66* 

75* 

74* 

71* 

73* 

82 

79* 

75-4 

86-4 

88-i 

897 

88-o 

89-0 

88-i 

89-4 

89-6 

89-0 

89-6 

897 

90-3 

90-13 

897 

907 

91-4 

90-9 

927 

92-3 

918 

91-4 

91*2 

91-2 

91-0 

916 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0 000109  in  parts  of  H.  All 

APRIL,  1 886. 

[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

Ih 

2h 

3h 

4h 

5h 

6h 

7h 

8h 

9h 

IOh 

nh 

Noon. 

! 

80* 

89 

80* 

80* 

82* 

80* 

78* 

76* 

75* 

72* 

75* 

83 

2 

85 

88 

84 

82* 

85 

86 

85 

83 

$3 

84 

83 

83 

3 

86 

88 

88 

89 

90 

89 

88 

88 

90 

92 

91 

89 

4 

9i 

96 

95 

94 

95 

94 

93 

9i 

89 

87 

85 

85 

5 

92 

93 

91 

92  . 

92 

93 

92 

87 

87 

88 

87 

89 

6 

93 

94 

94 

94 

94 

94 

92 

88 

87 

89 

89 

89 

7 

93 

90 

9i 

89 

9i 

92 

9i 

88 

91 

93 

94 

92 

8 

9i 

92 

9i 

92 

92 

94 

92 

89 

90 

89 

86 

86 

9 

94 

93 

93 

94 

95  * 

94 

9i 

88 

89 

90 

90 

92 

IO 

95 

96 

96 

96 

96 

96 

92 

9i 

91 

89 

92 

92 

ii 

95 

98 

98 

98 

100 

IOI 

102* 

99* 

96 

93 

93 

93 

12 

84 

82* 

86 

9i 

94 

94 

94 

93 

87 

76* 

82 

86 

13 

86 

94 

86 

85 

87 

89 

87 

92 

92 

9i 

9i 

89 

14 

82 

82* 

87 

92 

85 

84* 

82* 

87 

86 

88 

81 

77* 

IS 

72* 

87 

86 

86 

83* 

84* 

82* 

81 

79* 

82 

82 

84 

16 

87 

90 

87 

86 

88 

89 

87 

85 

86 

84 

84 

82 

17 

9i 

89 

89 

92 

92 

92 

90 

86 

87 

84 

84 

85 

18 

90 

89 

88 

92 

9i 

102 

98 

98 

94 

9i 

90 

89 

19 

90 

90 

92 

89 

92 

94 

87 

85 

84 

84 

85 

83 

20 

88 

88 

93 

92 

93 

92 

94 

90 

89 

84 

84 

83 

21 

90 

89 

93 

93 

92 

92 

9i 

88 

84 

84 

85 

87 

22 

92 

96 

94 

93 

92 

96 

95 

92 

90 

90 

9i 

93 

23 

94 

94 

95 

96 

96 

96 

94 

93 

93 

95 

98* 

100* 

24 

97 

98 

95 

95 

96 

94 

9i 

89 

89 

9i 

9i 

92 

25 

88 

90 

9i 

9i 

93 

94 

92 

87 

85 

87 

93 

94 

26 

92 

92 

94 

94 

96 

94 

92 

90 

90 

94 

96 

93 

27 

96 

96 

96 

96 

94 

95 

95 

9i 

9i 

92 

9i 

90 

28 

95 

96 

97 

96 

96 

97 

94 

9i 

92 

92 

9i 

88 

29 

95 

97 

100 

97 

99 

100 

97 

96 

97 

97 

96 

95 

3° 

97 

95 

97 

97 

97 

98 

96 

93 

9i 

90 

90 

88 

Monthly) 
mean  £ 

90-0 

917 

916 

91*8 

92-3 

93*o 

911 

89-2 

88-5 

88-i 

88-3 

88-4 

Normal 

910 

92-4 

92-0 

92*5 

930 

94-1 

91-9 

89*3 

89'3 

89-1 

88-5 

88-4 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  forco.] 

APRIL,  1886. 


I3h 

I4h 

i5h 

i6h 

i7h 

18“ 

i9h 

20h 

2Ih 

22h 

2311 

Mid- 

night. 

Daily 

mean. 

82 

82 

82 

82 

80* 

77* 

82 

83 

79* 

77* 

85 

82 

8o*id 

84 

87 

88 

87 

85 

86 

86 

87 

88 

87 

88 

86 

85  '4 

86 

85 

87 

89 

88 

87 

9i 

91 

90 

9i 

9i 

90 

88-9 

86 

87 

9i 

93 

9i 

84 

88 

91 

9i 

90 

88 

90 

90-2 

90 

88 

9° 

90 

88 

89 

90 

90 

90 

9i 

94 

92 

90-2 

92 

92 

92 

92 

9i 

89 

92 

93 

94 

95 

94 

94 

92-0 

88 

89 

88 

89 

88 

87 

90 

88 

88 

87 

90 

92 

90*0 

85 

87 

89 

92 

93 

92 

93 

92 

92 

92 

93 

93 

907 

9i 

92 

94 

95 

96 

94 

94 

94 

94 

95 

95 

95 

93'° 

9i 

93 

95 

98 

98 

95 

95 

94 

94 

95 

94 

93 

94-0 

92 

88 

88 

82 

84 

84 

87 

86 

80* 

82 

76* 

76* 

90*4 

83 

86 

79* 

75* 

86 

74* 

74* 

87 

78* 

86 

83 

85 

84-0 

87 

88 

90 

81 

71* 

73* 

77* 

87 

77* 

86 

74* 

82 

85-1 

84 

87 

87 

68* 

70* 

64* 

64* 

66* 

66* 

72* 

95 

76* 

797 

87 

84 

84 

82 

82 

84 

83 

84 

86 

86 

87 

86 

837 

82 

80 

86 

89 

88 

88 

86 

87 

87 

94 

87 

88 

86*5 

86 

79* 

82 

85 

92 

90 

9i 

90 

85 

84 

87 

85 

87-4 

84 

83 

85 

84 

89 

86 

89 

90 

87 

87 

87 

88 

89-6 

84 

88 

94 

93 

9i 

89 

89 

9i 

92 

9i 

88 

84 

887 

83 

87 

83 

83 

89 

86 

77* 

87 

73* 

78* 

85 

89 

86-3 

86 

92 

92 

89 

87 

90 

89 

94 

90 

9i 

9i 

94 

897 

93 

95 

94 

9i 

9i 

92 

92 

90 

89 

92 

97 

95 

927 

IOI* 

100* 

95 

97 

98 

97 

96 

96 

95 

95 

94 

97 

96-0 

96 

IOI* 

103* 

106* 

98 

97 

98 

99 

85 

87 

73* 

86 

93-6 

94 

9i 

9i 

92 

87 

90 

9i 

9i 

91 

90 

9i 

92 

907 

9i 

90 

9i 

9i 

9i 

93 

93 

94 

94 

95 

95 

96 

93-0 

92 

95 

94 

95 

96 

94 

93 

93 

92 

92 

97 

94 

93-8 

88 

89 

91 

92 

90 

92 

95 

96 

95 

95 

94 

93 

93'i 

94 

93 

9i 

90 

91 

77* 

90 

95 

92 

94 

94 

96 

947 

93 

94 

94 

93 

96 

96 

94 

86 

92 

98 

99 

97 

94-2 

88-5 

89-1 

897 

88-8 

88-8 

87-2 

88-3 

897 

87-5 

89-2 

89-5 

89-5 

89-58 

88*i 

88-6 

89-6 

897 

90-5 

900 

907 

90*6 

905 

907 

91-2 

90-5 

200 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES 

Hourly  readings  from  the  photographic  traces  of  the  bifilpr 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0’000109  in  parts  of  H.  All 

MAY,  1886. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

lh 

2h 

3h 

4h 

5h 

6b 

7h 

8h 

9h 

IOb 

ub 

Noon. 

, 

99 

96 

91 

96 

93 

96 

93 

90 

90 

90 

90 

92 

2 

94 

96 

90 

9i 

9i 

92 

90 

92 

87 

90 

90 

87 

3 

95 

95 

94 

93 

96 

94 

93 

93 

89 

88 

90 

92 

4 

92 

93 

96 

93 

94 

94 

93 

89 

88 

86 

88 

89 

5 

94 

94 

94 

95 

95 

96 

95 

9i 

91 

89 

88 

86 

6 

98 

98 

100 

100 

IOI 

IOI 

IOI 

100* 

92 

9i 

93 

96 

7 

97 

99 

98 

98 

100 

99 

97 

96 

96 

98 

100* 

100 

8 

100 

100 

100 

IOI 

103 

103 

100 

97 

96 

93 

9i 

94 

9 

61* 

76* 

95 

79* 

79* 

79* 

77* 

76* 

78* 

85 

89 

9i 

10 

85* 

90 

85* 

90 

93 

88 

89 

90 

90 

89 

94 

96 

1 1 

90 

93 

9i 

89 

89 

86 

86 

83 

78* 

86 

86 

85 

12 

88 

9i 

90 

89 

92 

92 

87 

82 

80* 

86 

83 

85 

13 

92 

95 

93 

92 

96 

93 

93 

88 

89 

87 

88 

94 

14 

100 

98 

92 

9i 

93 

94 

93 

88 

92 

9i 

92 

9i 

15 

93 

92 

92 

94 

93 

92 

9i 

89 

89 

90 

85 

87 

16 

93 

94 

93 

93 

94 

92 

90 

86 

86 

87  . 

89 

90 

17 

96 

94 

93 

99 

9i 

93 

91 

88 

84 

85 

81* 

83 

18 

89 

87 

89 

90 

89 

88 

82* 

80* 

82 

83 

88 

92 

19 

92 

92 

92 

93 

92 

93 

9i 

89 

86 

84 

85 

89 

20 

95 

96 

96 

97 

94 

96 

97 

94 

92 

92 

97 

94 

21 

94 

98 

96 

94 

98 

94 

92 

83 

86 

88 

90 

92 

22 

95 

96 

96 

96 

98 

96 

95 

90 

90 

89 

9i 

94 

23 

96 

97 

98 

98 

99 

98 

96 

93 

95 

94 

92 

87 

24 

94 

94 

96 

93 

95 

97 

96 

95 

91 

90 

92 

96 

25 

97 

96 

98 

97 

98 

99 

97 

96 

94 

93 

92 

92 

26 

97 

98 

98 

99 

99 

99 

97 

95 

93 

104* 

102* 

98 

27 

100 

r 00 

IOI 

100 

103 

102 

103* 

90 

92 

IOI* 

97 

99 

28 

94 

94 

95 

97 

96 

97 

96 

90 

88 

9i 

93 

96 

29 

95 

93 

9i 

94 

94 

93 

92 

90 

92 

92 

92 

9i 

30 

93 

94 

94 

94 

94 

94 

93 

93 

95 

95 

97 

IOI 

3i 

96 

96 

94 

93 

94 

96 

94 

f 

93 

94 

93 

92 

93 

Monthly) 
mean  ) 

93'4 

94’4 

94-2 

94*i 

947 

94‘4 

92-9 

90-0 

89-2 

903 

90-9 

92*0 

Normal 

94-8 

95-o 

94-5 

946 

95-2 

94-9 

93‘5 

90-5 

90-3 

895 

90-5 

92*0 

REPORT  FOR  1891 PART  II. 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

MAY,  1886. 


I3h 

I4h 

i5h 

1 61 

i7h 

l8*» 

19^ 

20h 

2Ih 

22h 

2 3h 

Mid- 

night. 

Daily 

mean. 

91 

95 

94 

94 

92 

86 

9i 

89 

94 

88 

94 

93 

92*3d 

92 

9i 

89 

85 

85 

86 

90 

93 

9i 

94 

91 

90 

903 

91 

92 

88 

90 

88 

89 

92 

93 

94 

94 

93 

94 

921 

91 

94 

94 

9i 

89 

89 

88 

89 

9i 

92 

94 

92 

91-2 

89 

94 

96 

94- 

90 

90 

92 

9i 

96 

96 

97 

99 

930 

96 

96. 

98 

96 

95 

94 

94 

93 

93 

95 

95 

96 

963 

100 

IOI 

102* 

IOI* 

100* 

99* 

100 

100* 

100* 

99 

99 

99 

99-1 

92 

9i 

92 

67* 

58* 

50* 

54* 

65* 

66* 

47* 

58* 

92 

83*8 

86 

80* 

86 

84 

82 

83 

76* 

87 

82 

78* 

86 

85 

817 

88 

86 

90 

86 

85 

84 

79* 

79* 

83 

88 

84* 

86 

876 

84 

81* 

81* 

78* 

86 

87 

87 

85 

89 

97 

94 

86 

86-5 

85 

89 

87 

87 

87 

83 

77* 

83 

90 

90 

88 

90 

867 

97 

98 

83 

90 

86 

88 

92 

84 

89 

89 

9i 

92 

90-8 

9i 

90 

89 

9i 

87 

86 

85 

89 

88 

85 

102 

92 

91-3 

86 

88 

86 

90 

88 

9i 

90 

92 

91 

92 

92 

93 

90-2 

90 

92 

96 

94 

94 

92 

92 

93 

94 

93 

96 

95 

92*0 

84 

87 

9i 

88 

90 

77* 

72* 

70* 

82 

86 

100 

93 

87-4 

86 

88 

90 

89 

81 

84 

85 

85 

84 

87 

94 

92 

86-8 

9i 

88 

92 

90 

88 

89 

92 

92 

93 

93 

93 

93 

90-5 

9i 

92 

92 

90 

90 

95 

93 

9i 

87 

86 

92 

96 

931 

95 

96 

93 

87 

84 

84 

87 

89 

90 

90 

92 

94 

9ii 

97 

94 

92 

9i 

86 

87 

90 

9i 

93 

92 

94 

95 

92*8 

92 

95 

94 

9i 

90 

92 

94 

94 

94 

95 

93 

92 

94-1 

98 

93 

93 

92 

92 

93 

94 

94 

93 

94 

94 

96 

940 

93 

94 

92 

.90 

9i 

93 

94 

94 

95 

95 

96 

95 

94-6 

98 

93 

92 

9i 

89 

9i 

90 

90 

93 

96 

96 

99 

957 

IOI 

96 

93 

92 

94 

97 

95 

93 

94 

94 

92 

93 

96-8 

94 

92 

93 

92 

93 

89 

9i 

9i 

92 

9i 

92 

92 

92-9 

92 

92 

92 

90 

92 

92 

9i 

93 

95 

94 

92 

92 

92-3 

100 

98 

95 

92 

92 

92 

94 

93 

93 

93 

94 

94 

94-5 

94 

97 

97 

95 

95 

95 

95 

94 

94 

95 

94 

97 

94-6 

92*1 

92-0 

917 

89-6 

88-4 

88-o 

88-3 

89-0 

9°'4 

90-3 

92‘3 

93-i 

91-49 

92-1 

92*8 

917 

90-4 

89-0 

89-3 

91-5 

90*6 

90*9 

92-2 

93-8 

93' 1 

202 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES — 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0- 000109  in  parts  of  H.  All 

JUNE,  1 886. 


[For  the  explanation  of  these  tables  see  pp.  53, 54.] 


Day. 

ih 

2h 

3h 

4h 

5h 

6b 

7h 

8i 

9h 

IOh 

nb  Noon. 

l 

95 

94 

94 

93 

96 

98 

99 

98 

96 

94 

95 

99 

2 

95 

96 

95 

95 

95 

93 

90 

89 

91 

94 

95 

95 

3 

94 

95 

95 

95 

96 

94 

95 

93 

97 

100 

103 

98 

4 

95 

94 

94 

92 

93 

95 

93 

94 

100 

104* 

104 

102 

5 

96 

IOI 

95 

95 

103 

96 

96 

94 

99 

95 

92 

93 

6 

96 

92 

94 

92 

93 

92 

94 

92 

93 

87 

86* 

92 

7 

93 

94 

97 

94 

94 

93 

92 

94 

93 

92 

94 

93 

8 

9i 

96 

94 

94 

95 

98 

96 

94 

94 

92 

92 

86* 

9 

92 

92 

94 

94 

94 

94 

94 

94 

92 

92 

96 

99 

IO 

96 

96 

97 

96 

95 

96 

97 

95 

93 

94 

96 

96 

1 1 

94 

95 

97 

98 

97 

98 

100 

97 

•98 

103 

106* 

109* 

12 

90 

93 

95 

97 

IOI 

97 

97 

88 

97 

96 

92 

86* 

13 

92 

9i 

92 

94 

94 

93 

92 

88 

92 

94 

92 

97 

14 

94 

IOI 

98 

93 

93 

93 

90 

88 

86 

88 

90 

92 

15 

92 

93 

9i 

9i 

94 

93 

93 

90 

92 

93 

92 

9i 

16 

94 

94 

94 

95 

95 

95 

94 

90 

93 

98 

100 

IOI 

17 

106* 

95 

96 

94 

96 

96 

97 

97 

96 

93 

9i 

93 

18 

94 

96 

97 

96 

95 

99 

96 

93 

94 

93 

94 

95 

19 

94 

94 

95 

97 

95 

90 

94 

89 

89 

9i 

95 

96 

20 

95 

94 

95 

95 

96 

96 

96 

94 

96 

96 

96 

96 

21 

96 

97 

96 

96 

97 

95 

93 

93 

94 

94 

96 

94 

22 

92 

95 

93 

9i 

97 

93 

92 

95 

90 

92 

99 

IOI 

23 

9i 

92 

96 

92 

94 

96 

95 

96 

95 

97 

96 

93 

24 

90 

92 

92 

96 

95 

93 

89 

88 

83* 

94 

97 

98 

25 

92 

94 

90 

88 

88 

9i 

90 

92 

95 

[97] 

99 

98 

26 

89 

89 

89 

89 

90 

92 

9i 

92 

93 

96 

97 

95 

27 

93 

9i 

94 

93 

94 

94 

96 

94 

96 

96 

100 

98 

28 

92 

96 

93 

93 

93 

92 

89 

9i 

95 

96 

96 

96 

29 

95 

94 

96 

97 

97 

99 

97 

97 

97 

96 

96 

97 

30 

73* 

79* 

78* 

82* 

81* 

82* 

83* 

84 

83* 

85* 

90  • 

91 

Monthly? 
mean  $ 

930 

93-8 

93’9 

93-6 

94'5 

94’4 

937 

92-4 

93’4 

94-4 

95-6 

957 

Normal 

93*3 

94*3 

94’4 

94-0 

95*o 

94-8 

94-0 

92*4 

94-2 

94‘4 

95-5 

95'9 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

JUNE,  1886. 


I3b 

1411 

i5h 

i6h 

I7h 

i8h 

I9h 

20b 

2Ih 

22h 

23b 

Mid- 

night. 

Daily 

mean. 

IOO 

99 

96 

9i 

92 

94 

93 

94 

93 

94 

94 

95 

95'3d 

97 

98 

96 

94 

93 

94 

95 

9.6 

95 

93 

92 

93 

94- 1 

IOI 

96 

90 

9i 

95 

94 

99* 

103* 

102* 

IOI* 

96 

97 

967 

IOI 

99 

98 

98 

94 

84 

81 

87 

89 

88 

90 

94 

94’3 

95 

98 

95 

92 

82 

79* 

83 

9i 

86 

91 

90 

93 

92-9 

93 

92 

92 

93 

93 

9i 

86 

9i 

90 

85  • 

89 

92 

91-2 

92 

88 

86 

9i 

88 

88 

80* 

80* 

88 

88 

9i 

93 

907 

87 

89 

86 

86 

88 

89 

93 

92 

98 

9i 

95 

92 

92-0 

96 

97 

96 

92 

92 

93 

94 

95 

94 

94 

95 

95 

94-2 

96 

95 

97 

95 

94 

94 

9i 

92 

92 

94 

94 

94 

94*8 

107* 

102 

98 

96 

96 

98 

98 

99 

98  . 

97 

98 

96 

99-0 

93 

89 

85 

85 

83 

80* 

86 

85 

90 

9i 

92 

97 

91-0 

96 

87 

92 

9i 

9i 

9i 

90 

89 

85 

90 

92 

95 

917 

96 

97 

95 

94 

93 

9i 

94 

94 

95 

96 

92 

92 

93' 1 

92 

92 

91 

9i 

90 

90 

92 

95 

93 

93 

94 

94 

92-2 

102 

98 

97 

95 

94 

90 

90 

94 

96 

93 

95 

99 

95'3 

95 

94 

90 

89 

92 

92 

92 

93 

92 

87 

89 

92 

93-6 

95 

95 

90 

83 

84 

90 

92 

92 

90 

94 

94 

95 

93-2 

95 

95 

94 

90 

92 

92 

9i 

9i 

9i 

92 

92 

94 

93' 1 

95 

95 

94 

93 

94 

94 

94 

9i 

94 

94 

95 

95 

947 

92 

91 

9i 

81* 

79* 

81* 

83 

85 

83 

88 

89 

89 

90'5 

106* 

IOO 

90 

75* 

84 

79* 

86 

87 

89  • 

.91 

9i 

89 

915 

94 

94 

89 

85 

83 

88 

88 

9i 

90 

90 

95 

90 

92- 1 

91 

87 

78* 

76* 

79* 

82 

81 

9i 

84 

84 

87 

92 

88-3 

93 

89 

88 

87 

89 

71* 

85 

84 

89 

87 

90 

90 

[89-8] 

9i 

87 

87 

88 

88 

85 

89 

90 

90 

89 

96 

92 

90-6 

96 

96 

9i 

86 

88 

90 

9i 

9i 

92 

9i 

92 

90 

93'° 

95 

9i 

89 

90 

9i 

92 

94 

93 

94 

94 

92 

93 

92-9 

93 

93 

74* 

62* 

68* 

72* 

83 

61* 

69* 

75* 

82* 

106* 

87'3 

89 

87 

73* 

76* 

71* 

80* 

82 

82 

81* 

88 

84 

86 

82-1 

95*5 

93*7 

90-3 

87*9 

88-o 

87*6 

89-2 

90-0 

904 

90-8 

91*9 

93*5 

92-38 

94*7 

93*7 

92-0 

90*6 

90-1 

907 

89*2 

90-9 

911 

91-0 

92-3 

93-0 

204 


U.  S.  coast  and  geodetic  survey. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  moan  time.  200  divisions  plus  tabular  quantity,  one  division  = 0-000109  in  parts  of  R.  All 

JULY,  1 886. 


[For  tbe  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

I h 

2h 

3h 

4h 

5h 

6^ 

7h 

8b 

9h 

IOh 

ub  : 

Noon. 

i 

90 

91 

86 

86 

88 

88 

85 

82 

81 

84 

82 

86 

2 

85 

88 

90 

88 

87 

86 

82 

79 

90 

9° 

89 

90 

3 

89 

90 

90 

90 

92 

86 

85 

84 

82 

80 

81 

88 

4 

91 

9i 

9i 

90 

90 

92 

92 

85 

84 

84 

87 

89 

5 

88 

90 

92 

93 

93 

94 

92 

90 

89 

9i 

92 

92 

6 

93 

93 

92 

92 

92 

93 

95 

92 

90 

90 

89 

92 

7 

94 

93 

93 

95 

94 

96 

96 

94 

92 

94 

96 

94 

8 

93 

9i 

9i 

94 

95 

98 

95 

92 

89 

87 

90 

96 

9 

98 

98 

97 

99 

100* 

100 

96 

86 

89 

90 

92 

93 

IO 

94 

100 

96 

94 

94 

96 

95 

92 

9i 

92 

93 

93 

ii 

97 

92 

93 

92 

93 

92 

92 

90 

90 

89 

90 

9i 

12 

9i 

92 

92 

94 

95 

94 

95 

92 

92 

9i 

87 

86 

13 

9i 

92 

92 

92 

92 

9i 

89 

89 

90 

91 

92 

9i 

14 

97 

96 

100* 

105* 

IOI* 

104* 

95 

94 

94 

97* 

98* 

98 

15 

92 

92 

87 

88 

92 

92 

92 

93 

93 

94 

92 

89 

16 

86 

95 

92 

90 

90 

90 

88 

86 

85 

86 

90 

96 

17 

93 

93 

92 

90 

89 

92 

90 

90 

90 

88 

9i 

94 

18 

93 

92 

92 

92 

9i 

93 

93 

9i 

92 

90 

92 

93 

19 

92 

93 

97 

98 

92 

96 

92 

9i 

83 

83 

85 

84 

20 

87 

90 

89 

87 

88 

90 

86 

9i 

89 

84 

80 

81 

21 

92 

94 

9i 

9i 

88 

89 

89 

80 

83 

83 

88 

89 

22 

89 

9i 

90 

88 

85 

88 

88 

88 

86 

85 

84 

85 

23 

99 

88 

85 

86 

87 

86 

85 

86 

87 

87 

85 

88 

24 

89 

89 

89 

87 

89 

89 

87 

89 

92 

92 

9i 

90 

25 

88 

88 

90 

90 

90 

9i 

88 

84 

82 

83 

85 

88 

26 

90 

92 

9i 

92 

92 

92 

90 

88 

9i 

93 

94 

94 

27 

87 

90 

9i 

90 

93 

97 

96 

88 

86 

88 

88 

83 

28 

87 

77* 

76* 

74* 

75* 

75* 

72* 

74* 

76* 

76* 

83 

84 

29 

84 

84 

84 

84 

84 

85 

85 

82 

82 

82 

83 

84 

30 

85 

85 

83 

85 

85 

86 

84 

82 

89 

92 

92 

90 

31 

89 

88 

87 

87 

89 

89 

88 

86 

82 

84 

88 

88 

Monthly? 
mean  £ 

907 

9°‘9 

9°'4 

9°'4 

90-5 

9i-3 

89-6 

87A 

87-5 

877 

88-7 

&9'6 

Normal 

907 

9i‘4 

90*5 

90*5 

90-3 

91*4 

90*2 

87-9 

87-8 

87*8 

88-4 

89-6 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

JULY,  1886. 


i3h 

I4h 

i5h 

i6h 

17b 

l8h 

i9h 

20h 

2Ih 

22h 

23h 

Mid- 

night. 

Daily 

mean. 

QO 

88 

89 

81 

78 

80 

81 

84 

87 

87 

89 

88 

85'5d 

88 

84 

85 

84 

86 

83 

78 

75* 

78* 

82 

85 

92 

85-2 

95 

91 

86 

88 

88 

90 

86 

87 

88 

90 

94 

92 

87  9 

88 

86 

88 

88 

9i 

89 

89 

88 

89 

94 

9i 

89 

89-0 

93 

89 

9i 

86 

89 

91 

92 

93 

92 

92 

92 

93 

912 

93 

93 

90 

89 

88 

90 

90 

91 

9i 

92 

9i 

92 

914 

9i 

95 

94 

92 

91 

93 

88 

9i 

9i 

9i 

92 

94 

93-i 

97 

96 

95 

93 

93 

9i 

94 

94 

98 

96 

96 

99* 

93‘9 

90 

IOI* 

94 

94 

92 

90 

92 

95 

94 

94 

93 

94 

94-2 

93 

94 

92 

90 

84 

82 

84 

87 

94 

92 

94 

94 

92-1 

92 

9i 

89 

85 

88 

89 

9i 

94 

92 

90 

9i 

93 

911 

87 

88 

89 

89 

87 

90 

90 

9i 

9i 

92 

9i 

9i 

907 

9i 

90 

90 

90 

88 

88 

90 

93 

93 

94 

94 

94 

911 

9i 

93 

89 

84 

82 

84 

88 

89 

9i 

90 

88 

90 

933 

89 

89 

93 

9i 

83 

83 

83 

86 

83 

95 

92 

82 

89-4 

94 

9i 

86 

85 

82 

81 

83 

82 

88 

92 

89 

92 

88-3 

94 

89 

93 

9i 

92 

90 

90 

90 

90 

9i 

93 

92 

9ii 

97 

99* 

97 

9i 

79 

88 

96* 

95 

94 

92 

94 

86 

92-2 

76* 

86 

90 

78 

76* 

75* 

79 

90 

88 

83 

98 

89 

877 

84 

87 

86 

81 

80 

82 

85 

82 

83 

86 

86 

90 

85-6 

83 

79* 

78* 

81 

81 

85 

87 

87 

88 

87 

85 

82 

85*8 

88 

88 

88 

87 

86 

86 

85 

87 

92 

79* 

76* 

81 

86-3 

87 

87 

90 

88 

82 

84 

86 

86 

88 

90 

89 

9° 

87-3 

89 

88 

84 

87 

86 

87 

89 

90 

88 

88 

89 

89 

88-6 

89 

90 

9i 

89 

89 

87 

89 

9i 

90 

90 

9i 

90 

88-5 

93 

91 

92 

91 

89 

89 

92 

94 

92 

90 

90 

9i 

91-4 

79* 

66* 

59* 

69* 

64* 

53* 

64* 

53* 

72* 

68* 

68* 

82 

78-1 

80* 

73* 

80* 

79 

77 

78 

81 

83 

84 

85 

86 

85 

79-2 

83 

82 

82 

82 

84 

80 

85 

83 

81 

82 

84 

84 

83-1 

86 

84 

83 

84 

84 

86 

86 

87 

88 

86 

89 

88 

86-2 

84 

87 

88 

86 

84 

86 

87 

87 

9i 

90 

92 

90 

87-4 

88-8 

88-2 

87-8 

86-2 

84-6 

84-8 

86-5 

87*3 

887 

887 

89'4 

89*6 

88-55 

89-9 

89*1 

89-4 

86-8 

85-6 

86*3 

86-9 

88*9 

89-6 

89-8 

90*6 

89-3 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0- 000109  in  parts  of  H.  All 

AUGUST,  1 886. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

ib 

2h 

3h 

4h 

5h 

6^ 

7h 

8b 

9h 

IOh 

1 1 b 

Noon. 

i 

89 

90 

90 

9i 

92 

93 

89 

87 

83 

84 

90 

9i 

2 

90 

88 

90 

92 

91 

90 

90 

89 

90 

92 

91 

9i 

3 

92 

93 

92 

94 

93 

93 

91 

88 

89 

89 

91 

88 

4 

92 

93 

93 

93 

93 

92 

92 

89 

89 

92 

94 

96 

5 

94 

94 

96 

95 

95 

96 

90 

86 

87 

90 

9i 

92 

6 

94 

93 

99* 

95 

95 

100* 

95 

92 

90 

89 

87 

89 

7 

96 

94 

95 

93 

98 

97 

98* 

90 

90 

90 

92 

97 

8 

89 

90 

89 

90 

90 

89 

84 

79 

81 

86 

89 

90 

9 

89 

90 

90 

89 

90 

89 

87 

85 

88 

89 

89 

88 

IO 

92 

92 

93 

93 

94 

94 

92 

90 

89 

90 

90 

92 

1 1 

92 

93 

92 

90 

90 

87 

87 

84 

84 

84 

82 

84 

12 

97 

94 

84 

84 

89 

87 

87 

80 

80 

81 

83 

86 

13 

88 

89 

88 

87 

89 

88 

86 

84 

85 

81 

82 

78* 

H 

84 

88 

89 

94 

84 

85 

83 

82 

80 

84 

86 

80 

15 

92 

88 

86 

86 

85 

86 

85 

82 

84 

80 

82 

9i 

l6 

85 

87 

89 

90 

9i 

9i 

9i 

88 

87 

90 

92 

90 

17 

87 

90 

87 

85 

89 

87 

85 

82 

82 

81 

80 

86 

18 

94 

94 

87 

88 

9i 

88 

88 

84 

79 

78 

76* 

71* 

19 

93 

88 

85 

88 

88 

85 

86 

82 

79 

84 

85 

87 

20 

88 

88 

88 

87 

90 

88 

86 

82 

79 

80 

82 

84 

21 

89 

88 

92 

88 

88 

88 

85 

83 

83 

82 

86 

88 

22 

88 

90 

90 

90 

90 

90 

87 

83 

81 

81 

82 

86 

23 

91 

9i 

91 

89 

92 

92 

90 

89 

88 

88 

86 

89 

24 

88 

85 

81 

83 

83 

82 

79 

76 

75 

80 

84 

83 

25 

85 

86 

87 

87 

87 

86 

85 

84 

82 

84 

86 

87 

26 

88 

89 

88 

86 

87 

86 

83 

81 

84 

88 

88 

9i 

27 

87 

90 

92 

87 

89 

89 

85 

80 

79 

79 

80 

83 

28 

88 

89 

89 

90 

90 

90 

84 

79 

82 

84 

87 

89 

29 

90 

89 

93 

90 

9i 

9i 

88 

82 

78 

78 

80 

83 

30 

89 

90 

90 

90 

9i 

90 

86 

83 

82 

83 

86 

88 

3i 

9i 

93 

92 

93 

93 

92 

87 

83 

83 

89 

93 

93 

Monthly  > 
mean  $ 

90-0 

90-2 

89-9 

89*6 

90-3 

897 

87-5 

84*  1 

83-6 

84-8 

86-2 

87-5 

Normal 

90-0 

90-2 

89-6 

89-6 

90-3 

89-4 

87  1 

84*  1 

83-6 

84.S 

86-5 

88-3 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

AUGUST,  1886. 


13 u 

i4h 

i5h 

i6L 

17b 

i8h 

i9h 

20h 

2Ih 

22k 

23h 

Mid- 

night. 

Daily 

mean. 

91 

86 

80 

82 

83 

86 

88 

88 

90 

92 

90 

89 

88- id 

92 

92 

91 

88 

86 

88 

89 

92 

91 

9i 

92 

92 

90-3 

86 

88 

87 

86 

87 

90 

9i 

92 

92 

92 

91 

90 

go- 2 

95 

93 

92 

9i 

90 

90 

92 

93 

93 

93 

93 

9i 

923 

94 

95 

98* 

94 

92 

92 

94 

94 

94 

92 

96 

94 

93-i 

87 

91 

92 

92 

93 

92 

92 

92 

93 

9i 

92 

93 

92-5 

96 

81 

87 

88 

90 

88 

87 

84 

83 

80 

92 

89 

90-6 

93 

9i 

93 

92 

89 

90 

9i 

90 

89 

90 

89 

90 

88-9 

87 

87 

87 

87 

90 

90 

92 

92 

92 

9i 

92 

92 

89*3 

92 

90 

89 

87 

88 

88 

86 

85 

85 

84 

84 

90 

89-5 

86 

86 

87 

82 

85 

75* 

85 

84 

79 

78* 

88 

93 

857 

86 

87 

80 

81 

83 

76* 

75* 

84 

83 

86 

93 

88 

84-8 

77 * 

76* 

72* 

81 

80 

82 

74* 

85 

90 

80 

86 

97 

83*5 

85 

84 

82 

83 

78 

76* 

77* 

76* 

80 

82 

84 

92 

83-2 

92 

91 

88 

86 

81 

81 

81 

70* 

81 

80 

82 

89 

84-5 

86 

81 

81 

78 

80 

77* 

73* 

87 

79 

89 

86 

88 

85-3 

86 

90 

90 

80 

77 

80 

77* 

87 

82 

9i 

85 

86 

85-i 

81 

86 

87 

86 

84 

83 

77* 

82 

86 

88 

84 

86 

84-5 

86 

85 

82 

80 

82 

81 

86 

85 

85 

86 

86 

85 

85-0 

86 

87 

85 

87 

86 

88 

87 

86 

85 

85 

87 

87 

857 

88 

88 

86 

84 

83 

85 

84 

85 

84 

86 

88 

87 

86-2 

86 

86 

86 

85 

85 

88 

88 

89 

88 

88 

88 

88 

86-8 

9i 

9i 

90 

93 

79 

56* 

55* 

70* 

68* 

67* 

65* 

77* 

82-4 

84 

87 

84 

82 

81 

82 

79 

80 

85 

84 

88 

86 

82-5 

84 

85 

83 

79 

76 

81 

82 

85 

83 

93 

87 

84 

84-5 

90 

86 

85 

84 

82 

85 

88 

87 

87 

87 

89 

86 

86-5 

85 

88 

89 

88 

89 

88 

86 

84 

85 

87 

88 

87 

86-o 

89 

87 

85 

86 

87 

89 

88 

87 

89 

89 

88 

89 

87-2 

84 

84 

86 

85 

86 

89 

90 

88 

87 

88 

90 

90 

867 

89 

88 

86 

88 

89 

90 

9i 

90 

9i 

89 

90 

9i 

88-3 

93 

94 

90 

88 

9° 

93 

93 

90 

92 

90 

90 

9i 

907 

88*o 

87-5 

86-5 

85-6 

84*9 

V"1 

Th 

00 

84-5 

85-9 

86-2 

867 

00 

CO 

88-9 

87-10 

88-3 

op 

r^. 

00 

86-6 

85-6 

84*9 

86*9 

87*9 

87-4 

86-8 

00 

88-6 

89-3 
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U.  S.  COAST  AND  GEODETIC  SURVEY, 


DIFFERENTIAL  MEASURES — 

. Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  ==  0-000109  in  parts  of  H.  All 

SEPTEMBER,  1886. 

[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

2h 

3h 

4b 

5h 

6* 

7b 

8^ 

9h 

IOh 

nh 

Noon. 

i 

92 

92 

94 

94 

94 

93 

91 

88 

85 

86 

9i 

93 

2 

89 

90 

9i 

9i 

90 

9i 

88 

84 

83 

83 

86 

88 

3 

9i 

92 

94 

92 

93 

92 

90 

87 

86 

86 

86 

86 

4 

93 

91 

94 

95 

95 

95 

92 

90 

88 

83 

83 

86 

5 

9i 

92 

92 

92 

92 

92 

90 

88 

89 

9i 

. 93 

95 

6 

9i 

92 

94 

93 

94 

94 

92 

91 

88 

88 

88 

89 

7 

92 

92 

93 

94 

96 

95 

88 

85 

77 

89 

88 

93 

8 

86 

87 

87 

90 

9i 

9i 

86 

81 

76 

80 

88 

88 

9 

87 

84 

86 

9i 

9i 

93 

87 

81 

77 

81 

82 

85 

IO 

79 

84 

93 

80* 

84 

83 

81 

76 

72* 

69* 

71* 

82 

84 

83 

82 

00 

Cn 

82 

84 

76* 

76 

70* 

66* 

78 

84 

12 

79 

88 

80* 

80* 

86 

82 

86 

80 

82 

78 

75* 

79 

13 

87 

85 

84 

86 

86 

82 

83 

83 

81 

79 

78 

77* 

14 

79 

84 

85 

87 

85 

88 

75* 

77 

80 

79 

77 

76* 

i5 

85 

82 

83 

83 

83 

83 

81 

80 

78 

79 

79 

78* 

16 

86 

88 

88 

89 

89 

87 

82 

79 

76 

78 

75* 

82 

17 

85 

85 

89 

90 

85 

88 

84 

80 

81 

81 

83 

84 

18 

83 

84 

85 

87 

87 

87 

83 

79 

78 

80 

81 

83 

l9 

88 

88 

89 

89 

88 

88 

85 

83 

81 

82 

83 

88 

20 

90 

90 

92 

92 

9i 

90 

89 

87 

88 

87 

88 

90 

21 

94 

93 

89 

9i 

94 

92 

90 

92 

90 

88 

90 

87 

22 

86 

86 

86 

88 

89 

88 

89 

86 

85 

86 

86 

85 

2 3 

89 

9i 

9* 

90 

9i 

9i 

90 

89 

87 

87 

87 

86 

24 

88 

89 

89 

90 

90 

89 

88 

87 

85 

88 

88 

89 

25 

90 

9i 

92 

92 

92 

90 

88 

85 

83 

84 

84 

88 

26 

90 

90 

90 

9i 

9i 

90 

88 

85 

84 

85 

87 

90 

27 

89 

90 

9i 

90 

90 

90 

88 

82 

82 

85 

88 

9i 

28 

89 

90 

9i 

92 

93 

92 

89 

86 

84 

87 

93 

95 

29 

9i 

90 

90 

9i 

9i 

90 

87 

84 

86 

9i 

93 

90 

30 

9i 

95 

96 

92 

97 

93 

89 

88 

87 

88 

9i 

86 

Monthly) 
mean  £ 

87-8 

88-6 

89-3 

89-6 

900 

89-4 

86-5 

00 

0 

82-3 

83-1 

847 

86-4 

Normal 

87-8 

88-6 

897 

90-3 

90-0 

89-4 

87-3 

84-0 

83- 1 

84'3 

85-9 

00 

s 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory . 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

SEPTEMBER,  1886. 


I3h 

i4h 

i5h 

i6h 

i7h 

i8h 

i9b 

20h 

2Ih 

22h 

23  h 

Mid- 

night. 

Daily 

mean. 

94 

97 

97* 

95 

90 

92 

92 

92 

92 

90 

90 

88 

9 1 "7d 

89 

90 

92 

92 

92 

92 

9i 

91 

91 

91 

9i 

90 

89-4 

86 

90 

9i 

9i 

90 

88 

93 

92 

93 

93 

92 

92 

9°' 2 

88 

9i 

92 

95 

93 

93 

*94 

94 

9i 

87 

90 

9i 

910 

92 

88 

88 

89 

90 

9i 

92 

•92 

93 

93 

92 

93 

9i-3 

90 

90 

88 

88 

89 

9i 

92 

92 

92 

92 

9i 

90 

90-8 

94 

9i 

84 

85 

85 

85 

82 

88 

83 

85 

86 

86 

88-2 

88 

89 

89 

84 

80 

88 

90 

89 

81 

82 

81 

89 

85-9 

87 

79 

75* 

68* 

72* 

71* 

81 

79 

87 

78* 

62* 

86 

8l  *2 

82 

76* 

69* 

67* 

66* 

67* 

76* 

72* 

82 

81 

75* 

94 

77*5 

78* 

83 

75* 

79 

78 

79 

87 

81 

85 

76* 

78* 

79* 

79*5 

82 

79 

74* 

80 

78 

79 

79* 

80 

72*- 

76* 

83 

82 

8o-o 

73* 

72* 

69* 

71* 

76* 

78* 

77* 

74* 

86 

80 

74* 

77* 

79-1 

76* 

76* 

79 

78* 

80 

82 

87 

82 

85 

79 

89 

80 

8i-o 

76* 

78* 

80 

82 

82 

84 

84 

86 

87 

85 

87 

86 

82-1 

83 

85 

83 

84 

85 

85 

86 

87 

85 

79 

80 

91 

83-8 

82 

83 

83 

83 

83 

85 

85 

87 

86 

87 

85 

82 

84A 

84 

85 

86 

85 

85 

86 

85 

85 

86 

86 

88 

88 

84-4 

89 

89 

90 

89 

89 

90 

89 

90 

90 

89 

89 

88 

87-6 

89, 

88 

89 

89 

89 

9i 

88 

89 

9i 

92 

90 

90 

89-5 

80 

77* 

79 

74* 

81 

86 

87 

80 

76* 

77* 

82 

87 

85-7 

85 

86 

85 

81 

87 

88 

88 

88 

89 

89 

89 

90 

86-9 

85 

86 

87 

89 

89 

89 

85 

85 

86 

88 

89 

88 

88-i 

90 

90 

90 

90 

89 

91 

9i 

9i 

89 

90 

90 

90 

89*2 

88 

90 

90 

90 

87 

90 

9i 

9i 

92 

9i 

9i 

9i 

89-2 

92 

93 

92 

92 

9i 

9i 

9i 

9i 

9i 

90 

90 

90 

89-8 

92 

93 

93 

90 

9i 

9i 

90 

90 

89 

90 

91 

90 

89-4 

95 

94 

95 

95 

9i 

91 

9i 

92 

92 

9i 

91 

90 

912 

95 

IOI* 

92 

89 

89 

90 

9i 

85 

87 

89 

89 

92 

90- 1 

84 

84 

84 

81 

80 

80 

83 

88 

87 

87 

87 

86 

877 

86-3 

86-4 

8*3 

84-8 

84’9 

86-i 

p 

L. 

00 

86-8 

87-2 

86-i 

86-i 

00 

86-54 

87-9 

88-o 

87-5 

87-5 

86-4 

877 

88-4 

87-8 

88-i 

8.7A 

88-2 

88-5 

JI.  Ex.  43,  pt.  2—14 
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U.  S.  COASTAND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = G’000109  in  parts  of  H.  All 

% OCTOBER,  1886. 

[For  the  explanation  of  these  tables  see  pp.  53, 54.] 


Day. 

l.h 

2h 

3h 

4h 

5h 

6h 

7 h 

8^ 

9h 

IOh 

nh  Noon. 

1 

87 

89 

89 

89 

88 

88 

87 

84 

80 

83 

87 

89 

2 

88 

89 

89 

90 

90 

89 

88 

83 

82 

85 

89 

88 

3 

89 

88 

88 

90 

91 

88 

87 

82 

. 82 

82 

82 

83 

4 

88 

89 

90 

90 

89 

89 

89 

86 

83 

83 

85 

85 

5 

89 

90 

9i 

90 

90 

93 

92 

89* 

90* 

92* 

94* 

92* 

6 

84 

91 

84 

88 

90 

88 

95* 

89* 

84 

85 

89 

74 

7 

88 

78 

83 

87 

88 

83 

83 

75 

81 

81 

80 

83 

8 

76 

70* 

74* 

81 

84 

84 

76 

66* 

59* 

72 

75 

78 

9 

76 

79 

80 

85 

82 

84 

75 

70* 

66* 

7i 

75 

73 

10 

83 

82 

77 

79 

79 

78 

77 

73 

70* 

60* 

66* 

71* 

1 1 

80 

83 

83 

78 

81 

80 

76 

74 

74 

77 

79 

80 

12 

9i 

85 

81 

78 

80 

82 

82 

79 

75 

77 

78 

78 

*3 

80 

82 

84 

82 

84 

83 

80 

76 

72 

79 

82 

80 

14 

82 

80 

83 

86 

81 

82 

80 

74 

77 

80 

80 

80 

15 

85 

83 

82 

82 

84 

84 

82 

80 

78 

78 

80 

82 

16 

80 

83 

82 

83 

84 

83 

83 

79 

79 

80 

82 

81 

i7 

83 

84 

83 

84 

86 

87 

89 

82 

82 

8l 

81 

82 

18 

85 

89 

87 

86 

86 

9i 

90 

83 

79 

83 

83 

83 

19 

69* 

83 

73* 

81 

78 

79 

78 

79 

79 

82 

85 

86 

20 

86 

87 

86 

85 

86 

87 

87 

86 

83 

86 

93* 

92* 

21 

87 

85 

85 

9i 

86 

85 

86 

83 

81 

83 

79 

82 

22 

84 

84 

84 

85 

86 

86 

85 

80 

77  ' 

78 

78 

81 

2 3 

84 

84 

84 

85 

85 

84 

81 

80 

77 

79 

79 

82 

24 

84 

85 

86 

86 

87 

87 

86 

83 

80 

77 

79 

82 

25 

85 

87 

92 

90 

89 

89 

88 

86 

86 

88 

88 

86 

26 

86 

87 

87 

87 

87 

86 

84 

80 

76 

80 

85 

79 

27 

83 

83 

86 

87 

87 

88 

87 

75 

78 

82 

80 

81 

28 

84 

87 

84 

82 

81 

82 

82 

79 

76 

72 

70* 

67* 

29 

80 

81 

82 

83 

83 

81 

79 

74 

77 

75 

77 

78 

30 

85 

85 

82 

83 

82 

83 

82 

81 

78 

76 

74 

73 

3i 

84 

83 

84 

84 

84 

85 

84 

82 

80 

76 

75 

75 

Monthly ) 
mean  £ 

837 

84-4 

84-0 

85-1 

85-1 

85-1 

83-9 

797 

78*1 

79-5 

80-9 

8o*8 

Normal 

84-2 

84-8 

84-8 

851 

85*1 

85-1 

83-5 

79‘9 

79*i 

797 

8i-o 

80-9 

I 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory . 

readings  referred  to  standard  temperaturo  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

OCTOBER,  1886. 


i3h 

14b 

i5h 

i6h 

i7h 

i8h 

i9h 

20h 

2 1 h 

22h 

23h 

Mid- 

night. 

Daily 

mean. 

90 

89 

87 

86 

83 

83 

86 

88 

87 

86 

86 

85 

86-5d 

83 

83 

80 

78 

84 

86 

87 

87 

88 

88 

87 

88 

86-2 

83 

8S 

86 

86 

88 

88 

89 

89 

88 

89 

88 

89 

867 

87 

88 

87 

88 

89 

88 

90 

88 

90 

89 

90 

9i 

88-o 

91* 

86 

88 

92* 

92* 

94* 

90 

88 

82 

89 

86 

94* 

90-2 

70* 

58* 

54* 

72* 

60* 

69* 

67* 

79 

70* 

78 

70* 

86 

78-1 

82 

69* 

81 

75 

79 

76 

69* 

69* 

68* 

65* 

74 

87 

78-5 

74 

66* 

71* 

63* 

67* 

68* 

70* 

66* 

75 

81 

76 

74* 

. 72-8 

67* 

66* 

68* 

69* 

74 

76 

74* 

83 

76 

76 

83 

77 

75‘2 

76 

70* 

74 

69* 

71* 

74 

' 74* 

80 

73 

78 

83 

79 

74-8 

78 

77 

81 

75 

71* 

74 

76 

79 

81 

81 

81 

82 

78-4 

79 

77 

76 

78 

78 

79 

80 

80 

79 

79 

81 

81 

797 

86 

83 

79 

78 

76 

78 

77 

76 

77 

80 

84 

78 

79-8 

80 

77 

79 

82 

80 

77 

80 

81 

78 

76 

76 

78 

79‘5 

84 

85 

85 

84 

82 

81 

82 

80 

79 

81 

81 

81 

81-9 

80 

80 

81 

82 

84 

84 

82 

80 

81 

81 

78 

89 

817 

82 

83 

84 

86 

87 

88 

86 

88 

86 

84 

84 

84 

84-4 

77 

70* 

79 

75 

79 

73* 

73* 

70* 

74 

80 

83 

72* 

80-4 

85 

83 

83 

83 

83 

83 

83 

84 

83 

83 

83 

85 

81-4 

91* 

91 

90 

92* 

9i 

89 

89 

88 

89 

87 

85 

87 

88-o 

81 

81 

80 

79 

80 

81 

80 

80 

80 

k 83 

81 

82 

82-5 

84 

84 

84 

84 

83 

83 

83 

84 

83 

83 

83 

84 

82-9 

83 

84 

85 

86 

86 

86 

84 

84 

84 

82 

83 

83 

83-1 

86 

86 

86 

88 

87 

88 

88 

88 

86 

86 

84 

85 

850 

86 

86 

86 

86 

85 

85 

86 

86 

86 

86 

87 

86 

86-9 

86 

85 

84 

83 

84 

86 

83 

82 

83 

82 

84 

83 

837 

85 

81 

77 

78 

78 

79 

80 

82 

79 

77 

83 

82 

81  6 

71* 

78 

81 

82 

81 

75 

69* 

77 

77 

79 

80 

82 

78-2 

79 

81 

82 

81 

81 

82 

82 

81 

82 

82 

81 

82 

80-2 

76 

80 

83 

84 

87 

86 

85 

82 

78 

81 

81 

83 

81 '3 

77 

79 

82 

83 

86 

86 

85 

85 

82 

83 

83 

83 

82-1 

81-3 

797 

807 

809 

8i-2 

8i-5 

00 

0 

vd 

817 

8o-8 

8i-8 

82-2 

83-3 

8i*93 

81-9 

82-9 

82-5 

82-0 

82-9 

82-3 

83-9 

83-2 

8i-6 

82-3 

82-6 

83-6 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hi  filar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  — 0 000109  in  parts  of  H.  All 

NOVEMBER,  1886. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

ih 

2h 

3h 

4h 

5h 

6b 

7h 

8b 

9h 

IOh 

nh 

Noon. 

! 

83 

83 

84 

84 

84 

84 

85 

85 

84 

81 

81 

81 

2 

86 

85 

84 

87 

82 

88 

90* 

82 

88* 

85 

81 

84 

3 

77 

80 

79 

78 

79 

80 

80 

79 

64* 

67* 

68 

68 

4 

78 

76 

77 

77 

81 

79 

81 

79 

76 

69 

65* 

62* 

5 

75 

76 

79 

76 

77 

79 

74 

73 

64* 

54* 

68 

72 

6 

76 

76 

78 

78 

74 

82 

74 

72 

68* 

73 

74 

60* 

7 

80 

77 

76 

76 

79 

77 

74 

77 

77 

76 

76 

77 

8. 

80 

80 

77 

80 

77 

78 

76 

78 

80 

78 

79 

80 

9 

82 

81 

79 

79 

80 

79 

79 

78 

76 

76 

76 

77 

IO 

79 

77 

78 

77 

78- 

78- 

78 

79 

78 

75 

75 

74 

1 1 

81 

81 

82 

83 

82 

.81 

81 

77 

77 

78 

79 

78 

12 

79 

78 

79 

80 

80 

81 

86 

78 

75 

72 

72 

7i 

13 

76 

75 

75 

79 

78 

84 

81 

84 

84 

81 

81 

79 

14 

78 

78 

79 

80 

79 

79 

80 

80 

78 

77 

78 

77 

15 

79 

79 

81 

82 

79 

78 

81 

79 

76 

75 

72 

70 

16 

77 

78 

79 

80 

83 

84 

83 

81 

77 

78 

78 

78 

17 

80 

80 

82 

80 

73 

82 

80 

81 

78 

74 

7i 

64* 

18 

77 

78 

78 

79 

78 

79 

80 

79 

78 

79 

79 

80 

l9 

79 

80 

80 

80 

83 

82 

83 

82 

83 

81 

79 

80 

20 

69 

75 

77 

73 

76 

75 

75 

75 

75 

75 

73 

68 

21 

77 

77 

19 

79 

80 

80 

80 

80 

78 

80 

80 

79 

22 

77 

77 

78 

78 

80 

80 

80 

81 

80 

78 

79 

81 

23 

74 

77 

78 

78 

81 

80 

80 

81 

78 

78 

78 

78 

24 

78 

75 

75 

77 

77 

72 

77 

79 

78 

73 

72 

69 

25 

77 

74 

75 

76 

78 

79 

79 

78 

74 

76 

76 

73 

26 

78 

78 

78 

78 

78 

78 

77 

77 

74 

73 

73 

75 

27 

77 

78 

78 

78 

78 

79 

78 

78 

77 

74 

73 

72 

28 

78 

78 

79 

79 

79 

80 

79 

77 

76 

74 

74 

74 

29 

80 

78 

82 

84 

82 

86 

84 

88 

85 

81 

69 

67 

3° 

78 

78 

83 

81 

85 

78 

78 

77 

76 

75 

7i 

64* 

Monthly ) 
mean  $ 

78-2 

Op 

78-9 

79-2 

797 

800 

79*8 

79-1 

77-1 

75’5 

75-o 

737 

Normal 

78-2 

78-1 

78-9 

79-2 

797 

800 

79’4 

79-1 

78-0 

76-6 

75'3 

75-5 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force . ] 

NOVEMBER,  1886. 


I3h 

1411 

I5h 

16'1 

17I1 

1811 

1911 

20h 

2111 

22h 

23h 

Mid- 

night. 

Daily 

mean. 

82 

83* 

84* 

86* 

88* 

88* 

88* 

88* 

88* 

86 

92* 

89* 

85 -od 

77 

70 

<35 

57* 

61* 

73 

72 

68 

7i 

72 

76 

81 

77.7 

66 

67 

66 

72 

74 

74 

73 

74 

69 

82 

76 

73 

735 

59* 

62* 

58* 

61* 

7i 

68* 

66* 

73 

77 

70 

7i 

74 

712 

72 

7i 

65 

68 

72 

78 

72 

7i 

81 

70 

74 

76 

72-4 

48* 

64* 

64* 

66* 

73 

74 

74 

7i 

80 

75 

76 

73 

71-8 

77 

75 

77 

78 

78 

76 

78 

75 

77 

75 

78 

82 

77-0 

75 

78 

78 

77 

77 

78 

79 

76 

79 

80 

77 

82 

78-3 

77 

74 

73 

76 

77 

78 

79 

78 

79 

79 

75 

73 

77’5 

75 

75 

79 

79 

81 

79 

81 

81 

81 

81 

81 

80 

78-3 

77 

78 

77 

77 

77 

77 

78 

77 

76 

77 

7i 

79 

78-4 

7i 

70 

72 

73 

73 

76 

74 

75 

75 

76 

76 

79 

75*9 

75 

75 

77 

77 

80 

79 

79 

78 

79 

79 

79 

79 

78-9 

78 

78 

77 

82 

83 

83 

82 

82 

82 

81 

79 

79 

79-5 

68 

74 

76 

77 

72 

77 

78 

77 

76 

76 

76 

76 

76-4 

79 

80 

81 

82 

82 

82 

81 

79 

78 

79 

79 

81 

8o-o 

72 

73 

7i 

74 

76 

77 

76 

78 

,78 

78 

76 

77 

76-7 

79 

74 

74 

78 

79 

79 

80 

76 

78 

76 

77 

78 

78-0 

79 

79 

81 

80 

81 

83 

84 

84 

83 

82 

79 

92* 

816 

72 

72 

74 

76 

78 

78 

76 

75 

75 

75 

76 

76 

74-5 

79 

76 

78 

80 

81 

79 

77 

75 

77 

76 

76 

76 

78-3 

81 

81 

80 

80 

80 

82 

82 

82 

81 

78 

73 

74 

79-3 

72 

65 

69 

73 

72 

75 

69 

67* 

65* 

7i 

73 

70 

74'3 

68 

72 

69 

7i 

74 

77 

78 

76 

73 

74 

78 

80 

747 

72 

73 

7i 

74 

76 

75 

77 

76 

73 

80 

77 

76 

75-6 

78 

79 

80 

79 

81 

80 

80 

79 

79 

7-8 

78 

80 

77-8 

74 

72 

75 

78 

’ 79 

79 

79 

79 

78 

78 

78 

78 

77-0 

73 

73 

77 

80 

80 

80 

80 

81 

80 

80 

79 

80 

77-9 

67 

65 

68 

70 

70 

68* 

70 

68 

7i 

73 

72 

73 

750 

74 

7i 

69 

72 

76 

76 

74 

67* 

67* 

72 

67* 

80 

747 

73-2 

73‘3 

73‘5 

75’i 

767 

77-6 

77’2 

76-2 

76-9 

77-0 

76-5 

78-2 

76-90 

74-6 

737 

74-0 

7 6-3 

76-9 

77'9 

77-2 

76-4 

77’3 

77’° 

76-3 

77*3 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  =0-000109  in  parts  of  H.  All 

DECEMBER,  1886. 

[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

ih 

2h 

3h 

4h 

5h 

6b 

7h 

8* 

9h 

IOh 

I I b 

Noon. 

i 

76 

72 

74 

73 

76 

75 

80 

75 

78 

74 

68 

68 

2 

75 

74 

77 

73 

80 

7i 

77 

75 

76 

75 

66 

67 

3 

74 

72 

73 

72 

78 

81 

77 

82 

79 

78 

73 

70 

4 

74 

72 

73 

75 

77 

78 

78 

77 

70* 

73 

70 

69 

5 

74 

75 

73 

74 

76 

76 

78 

79 

78 

70 

74 

75 

6 

75 

79 

73 

75 

76 

78 

79 

77 

78 

76 

72 

70 

7 

76 

79 

79 

78 

78 

79 

81 

83 

84 

78 

77 

76 

8 

72 

7i 

70 

73 

74 

75 

76 

79 

80 

79 

76 

78 

9 

76 

76 

76 

77 

78 

78 

79 

79 

81 

80 

76 

75 

IO 

76 

77 

79 

79 

79 

80 

81 

81 

81 

78 

74 

74 

1 1 

79 

80 

80 

80 

81 

83 

80 

82 

84 

84 

80 

87* 

12 

7* 

77 

77 

81 

80 

81 

81 

82 

83 

83 

81 

81* 

13 

80 

78 

81 

80 

78 

80 

80 

77 

79 

78 

76 

72 

H 

79 

81 

80 

81 

80 

79 

82 

81 

82 

79 

72 

76 

15 

80 

80 

76 

77 

81 

81 

82 

84 

80 

74 

72 

81* 

16 

75 

76 

78 

78 

77 

79 

80 

77 

79 

77 

74 

65 

17 

7« 

76 

75 

78 

77 

78 

76 

82 

85 

77 

68 

72 

18 

74 

75 

76 

75 

77 

78 

78 

82 

80 

77 

72 

68 

19 

80 

77 

77 

77 

75 

78 

80 

81 

79 

78 

80 

82* 

20 

73 

74 

76 

76 

78 

77 

78 

79 

80 

79 

74 

72 

21 

78 

78 

78 

79 

80 

79 

80 

76 

82 

80 

73 

70 

22 

76 

76 

77 

76 

76 

78 

79 

80 

83 

83 

77 

73 

23 

74 

73 

74 

74 

76 

75 

74 

76 

77 

77 

73 

68 

24 

75 

75 

74 

74 

75 

76 

77 

78 

77 

74 

66 

67 

25 

75 

75 

76 

75 

76 

76 

77 

79 

79 

78 

75 

72 

26 

79 

78 

79 

83 

80 

80 

83 

81 

82 

76 

73 

7i 

27 

73 

75 

76 

74 

73 

74 

73 

78* 

78 

75 

75 

72 

28 

75 

75 

76  ‘ 

75 

76 

77 

73 

77 

76 

78 

70 

63 

29 

69 

76 

76 

77 

85 

74 

80 

78 

80 

73 

70 

65 

30 

76 

72 

74 

77 

76 

74 

76 

78 

76 

77 

75 

73 

3i 

74 

76 

76 

77 

76 

77 

78 

80 

79 

77 

73 

69 

Monthly! 
mean  $1 

757 

75-8 

76-1 

76-5 

77-6 

77-6 

78-5 

79‘2 

79’5 

77-3 

73A 

72*3 

Normal 

757 

75-8 

76-1 

76-5 

77*6 

77-6 

78-5 

79'2 

79-8 

77-3 

73A 

70-7 
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HORIZONTAL  INTENSITY  -Continued. 
magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

DECEMBER,  1886. 


i3!l 

1411 

r5h 

1 6* 

i7h 

iS* 

1911 

20h 

21 ll 

22h 

2_3h 

Mid- 

night. 

Daily 

mean. 

69 

68 

64* 

7i 

74 

70 

67 

67 

74 

70 

73 

82 

72-4d 

70 

61* 

67 

70 

70 

66 

76 

72 

7i 

76 

72 

74 

72-1 

68 

70 

70 

76 

76 

76 

75 

70 

67 

70 

73 

73 

73’9 

73 

73 

67 

74 

74 

74 

74 

72 

75 

76 

72 

72 

73-4 

7i 

7i 

69 

7i 

68 

69 

70 

69 

74 

72 

74 

74 

73-i 

72 

74 

75 

74 

75 

76 

72 

76 

73 

75- 

78 

78 

75-3 

72 

68 

75 

7i 

68 

66 

62* 

67 

62* 

60* 

61* 

62* 

72-6 

74 

76 

77 

78 

78 

77  ' 

77 

76 

76 

76 

76 

75 

76-0 

74 

75 

77 

76 

77 

76 

77 

76 

74 

75 

74 

74 

76-5 

74 

76 

77 

78 

78 

78 

77 

76 

75 

75 

75 

77 

77-3 

73 

79 

78 

77 

78 

79 

76 

77 

78 

77 

77 

80 

797 

79 

79 

75 

77 

80 

78 

80 

79 

80 

78 

79 

78 

79'5 

72 

74 

76 

78 

80 

80 

77 

7i 

7i 

82 

77 

75 

77-2 

75 

76 

77 

79 

79 

80 

79 

78 

77 

74 

77 

77 

78-3 

69 

70 

72 

74 

77 

78 

70 

* 72 

74 

76 

77 

74 

76-3 

69 

72 

7i 

72 

72 

64* 

76 

76 

76 

73 

74 

72 

74-2 

69 

74 

76 

73 

76 

75 

76 

75 

71 

73 

74 

76 

75-4 

72 

76 

77 

72 

72 

72 

75 

75 

77 

76 

76 

75 

75’5 

69 

72 

73 

74 

76 

75 

75 

75 

76 

80 

76 

74 

76-6 

72 

75 

76 

76 

78 

79 

77 

78 

78 

78 

77 

77 

76-5 

69 

70 

73 

76 

77 

77 

78 

78 

78 

78 

78 

74 

76-6 

69 

69 

70 

68 

73 

69 

70 

69 

80 

7i 

7i 

7i 

74-3 

66 

65 

62* 

67 

74 

75 

74 

73 

74 

73 

74 

73 

72-5 

67 

7i 

75 

75 

74 

76 

76 

75 

76 

75 

76 

75 

74-1 

7i 

74 

78 

82 

81 

82 

83 

76 

75 

72 

70 

73 

76-2 

74 

69 

65 

73 

74 

73 

74 

73 

7i 

72 

72 

70- 

75^ 

68 

65 

7i 

74 

74 

70 

74 

74 

72 

72 

82 

74 

73-6 

61* 

73 

76 

77 

75 

74 

70 

67 

73 

70 

69 

68 

727 

63 

66 

72 

67 

68 

70 

73 

67 

68 

68 

76 

7i 

72-2 

72 

73 

72 

73 

74 

76 

76 

75 

74 

75 

76 

76 

74-8 

68 

70 

% 

72 

76 

76 

75 

75 

75 

75 

74 

75 

75 

74'9 

70-6 

717 

727 

74-2 

75-o 

74M 

74-5 

73’5 

74-0 

73-9 

74-5 

74-2 

75-u 

70-9 

721 

73’4 

74-2 

75-0 

747 

75-o 

73'5 

74M 

74’4 

75-o 

74-6 

21 G 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  230  divisions  plus  tabular  quantity,  one  division  = 0*000109  in  parts  of  H.  All 

JANUARY,  1887. 


[For  tbe  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

i» 

2h 

3b 

4h 

5h 

6^ 

7h 

8b 

9h 

IOh 

nh  Noon. 

1 

75 

75 

76 

76 

77 

77 

78 

78 

78 

77 

73 

70 

2 

7» 

78 

78 

78 

78 

79 

80 

78 

81 

79 

74 

69 

3 

76 

76 

76 

79 

79 

80 

80 

79 

79 

75 

73 

68 

4 

73 

75 

72 

74 

75 

74 

77 

75 

75 

[72] 

[66] 

65 

5 

74 

75 

74 

76 

76 

77 

78 

79 

78 

76 

72 

72 

6 

77 

77 

77 

79 

80 

80 

81 

81 

81 

79 

74 

73 

7 

72 

75 

74 

76 

77 

78 

79 

80 

80 

79 

73 

73 

8 

77 

77 

78 

78 

78 

80 

82 

82 

81 

78 

74 

69 

9 

75 

75 

76 

77 

78 

79 

79 

79 

77 

74 

72 

71  ■ 

10 

77 

77 

77 

78 

78 

78 

78 

79 

79 

78 

75 

73 

1 1 

76 

76 

78 

76 

76 

78 

78 

78 

78 

73 

69 

7i 

12 

76 

75 

75 

78 

77 

77 

78 

79 

77 

72 

68 

70 

13 

75 

74 

76 

75 

76 

77 

77 

79 

77 

74 

7i 

72 

14 

77 

75 

79 

80 

80 

79 

79 

82 

78 

70 

57* 

67 

15 

69 

74 

72 

73 

77 

76 

74 

69 

7i 

62* 

59 

58* 

16 

72 

68 

75 

70 

70 

67* 

7i 

69 

67* 

69 

66 

72 

17 

72 

73 

72 

76 

73 

74 

73 

69 

67* 

63* 

58* 

;8* 

18 

72 

74 

74 

74 

75 

75 

77 

69 

74 

73 

69 

66 

19 

7i 

73 

74 

72 

75 

75 

75 

72 

72 

68 

59 

64 

20 

73 

72 

7i 

73 

74 

74 

76 

75 

7i 

70 

64 

65 

21 

73 

74 

72 

74 

75 

75 

76 

77 

77 

74 

67 

64 

22 

77 

77 

76 

79 

77 

76 

82 

87* 

92* 

76 

68 

70 

23 

80 

72 

72 

72 

75 

74 

76 

78 

78 

73 

67 

65 

24 

77 

72 

73 

73 

77 

78 

76 

76 

78 

75 

7i 

56* 

25 

76 

75 

76 

75 

80 

76 

73 

75 

74 

7i 

59 

57* 

•0 

26 

76 

73 

74 

74 

76 

80 

76 

78 

76 

7i 

61 

58* 

27 

78 

75 

73 

74 

76 

73 

73 

74 

74 

7i  ‘ 

60 

57* 

28 

74 

74 

74 

76 

75 

75 

76 

78 

78 

73 

66 

63 

29 

74 

72 

72 

72 

75 

75 

76 

74 

75 

70 

65 

60 

30 

75 

74 

73 

73 

74 

75 

75 

77 

76 

73 

65 

65 

3i 

74 

79 

75 

74 

76 

77 

79 

78 

76 

73 

69 

# 

70 

Monthly  > 
mean  $ 

74‘9 

74-5 

74-6 

75 '3 

76-3 

76-4 

77-0 

76-9 

76-6 

72-9 

67-2 

66.2 

Normal 

74'9 

74'5 

74-6 

75*3 

76-3 

767 

77-0 

76-5 

76-8 

737 

67-8 

68-3 
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HORIZONTAL  INTENSITY— Continued. 
magnetometer  of  the  Los  Angeles  Magnetic  Observatory . 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

JANUARY,  1887. 


13b 

i4h 

!5h 

i6h 

i7h 

i8h 

19I1 

20l1 

2Ih 

2211 

23h  j 

Mid- 

night. 

Daily 

mean. 

70 

7i 

74 

77 

78 

78 

78 

78 

78 

78 

78 

78 

76*  irt 

67 

70 

76 

79 

78 

79 

79 

79 

80 

79 

78 

77 

77-1 

68 

70 

70 

7i 

72 

72 

69 

74 

73 

7i 

73 

73 

74-0 

68 

68 

66 

68 

72 

7i 

7i 

70 

7i 

72 

74 

74 

[716] 

73 

76 

74 

76 

77 

77 

77 

76 

77 

75 

75 

76 

757 

73 

77 

77 

78 

78 

81 

81 

80 

80 

81 

73 

72 

77-9 

76 

78 

78 

78 

79 

77 

79  * 

78 

77 

77 

76 

76 

76-9 

72 

77 

78 

78 

79 

78 

77 

78 

78 

80 

77 

76 

77-6 

74 

76 

77 

77 

77 

78 

78 

78 

79 

78 

78 

78 

767 

75 

80* 

81 

82 

82 

77 

72 

76 

78 

78  ' 

78 

77 

77-6 

72 

75 

76 

77 

78 

78 

77 

73 

69 

68 

7i 

75 

74-8 

75 

78 

78 

76 

77 

76 

76 

76 

74 

75 

75 

74 

75-5 

74 

78 

82* 

81 

82 

81 

83* 

83 

78 

77 

76 

74 

77-2 

70 

73 

75 

72 

68 

64* 

70 

72 

64 

77 

66 

73 

72-8 

63 

63 

66 

72 

7i 

70 

7i 

7i 

72 

72 

67 

74 

69-4 

72 

67 

67 

72 

74 

74 

72 

74 

70 

72 

72 

73 

70-6 

60 

64 

63* 

7i 

72 

62* 

72 

74 

74 

70 

83* 

73 

69-4 

62 

59* 

67 

72 

73 

74 

69 

70 

69 

74 

79 

72 

713 

67 

72 

74 

72 

75 

72 

74 

72 

72 

73 

73 

74 

717 

67 

67 

69 

69 

7i 

70 

70 

70 

72 

72 

75 

73 

71-0 

67 

7i 

74 

74 

74 

75 

74 

73 

74 

74 

76 

73 

73-2 

66 

70 

74 

78 

78 

77 

67 

65* 

67 

60* 

63* 

68 

73-8 

58* 

67 

72 

69 

60* 

64* 

72 

74 

73 

72 

72 

72 

7i*i 

62 

59* 

7i 

7i 

66 

72 

73 

7i 

69 

74 

70 

7i 

7i*3 

67 

69 

73 

73 

76 

75 

72 

73 

70 

74 

68 

75 

72-2 

69 

70 

73 

73 

67 

73 

7i 

7i 

72 

74 

74 

72 

72-2 

61 

68 

73 

77 

77 

76 

73. 

75 

73 

70 

7i 

7i 

71-6 

6 3 

63 

66 

72 

72 

72 

72 

72 

7i 

70 

68 

7i 

712 

64 

64 

66 

70 

7i 

72 

73 

73 

72 

72 

7i 

73 

70-9 

68 

69 

72 

74 

75 

76 

73 

7i 

70 

70 

72 

73 

72-4 

69 

63 

73 

74 

70 

75 

76 

77 

65 

70 

7i 

77 

73*3 

68- 1 

70*1 

727 

74'3 

74-2 

74-1 

73-9 

74-i 

72-9 

73*5 

73-3 

73-8 

7T49 

68-5 

70*5 

72-8 

74-3 

74-6 

75-2 

73'6 

74’4 

72’9 

74-0 

73‘3 

73-8 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  —0-000109  in  parts  of  H.  All 

FEBRUARY,  1887. 

[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

Ih 

2h 

3h 

4h 

5b 

6h 

7h 

8h 

9h 

IOh 

nh  Noon. 

j 

69 

69 

72 

72 

75 

75 

76 

75 

74 

68 

62* 

58* 

2 

71 

71 

74 

73 

76 

73 

76 

77 

77 

74 

69 

67  • 

3 

75 

76 

78 

78 

78 

80 

79 

79 

80 

79t 

74t 

73 

4 

74 

77 

77 

77 

79 

80 

80 

78 

78 

83 

82 

79 

5 

75 

79 

77 

75 

77 

78 

75 

78 

73 

66* 

66 

68 

6 

73 

73 

73 

74 

75 

77 

78 

78 

79 

77 

74 

75 

7 

77 

79 

82 

76 

7<> 

74 

78 

81 

83 

81 

78 

77 

8 

74 

73 

76 

77 

77 

76 

76 

78 

78 

74 

74 

76 

9 

74 

75 

78 

76 

73 

73 

75 

74 

74 

73 

73 

73 

10 

70 

7i 

72 

73 

74 

74 

78 

76 

79 

83 

80 

77 

11 

76 

76 

75 

77 

76 

76 

76 

79 

82 

82 

80 

78 

12 

75 

76 

76 

81 

74 

81 

82 

84 

84 

7i 

61* 

70 

*3 

7i 

74 

75 

74 

78 

75 

79 

80 

73 

74 

69 

70 

14 

74 

76 

75 

75 

78 

78 

78 

78 

76 

75 

57* 

63 

15 

7i 

72 

74 

. 75 

73 

74 

74 

75 

76 

75 

73 

70 

16 

70 

70 

73 

75 

77 

79 

78 

77 

77 

77 

75 

72 

17 

7i 

73 

74 

74 

76 

76 

77 

77 

76 

74 

72 

7i 

18 

73 

75 

75 

75 

75 

77 

78 

79 

79 

76 

73 

70 

19 

74 

74 

74 

75 

76 

78 

78 

78 

76 

74 

74 

72 

20 

68 

72 

72 

81 

78 

80 

79 

84 

82 

78 

77 

75 

21 

78 

74 

72 

73 

76 

74 

75 

83 

81 

80 

78 

75 

22 

72 

70 

7i 

78 

79 

76 

80 

• 82 

79 

76 

72 

68 

23 

76 

73 

73 

73 

72 

7i 

74 

73 

73 

76 

73 

6S 

24 

7i 

70 

73 

75 

74 

75 

77 

75 

75 

7i 

65 

64 

25 

76 

75 

75 

74 

76 

76 

77 

82 

81 

78 

76 

74 

26 

76 

74 

77 

77 

78 

77 

79 

79 

8o- 

76 

74 

7i 

27 

81 

79 

78 

79 

81 

79 

75 

82 

79 

79 

76 

73 

28 

77 

75 

78 

79 

78 

78 

79 

80 

81 

77 

74 

75 

Monthly  f 
mean  $ 
Normal 

73-6 

74-0 

75-o 

757 

76*2 

76-4 

77'4 

78-6 

78-0 

76-0 

72-5 

71-4 

73-6 

74-0 

75‘o 

757 

76-2 

76-4 

77M 

78-6 

78-0 

76-3 

74-0 

719 

fEye  readings. 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

FEBRUARY,  1887. 


I3h 

1411 

i5h 

i6h 

i7h 

i8b 

1911 

20h 

2Ih 

22h 

23h 

Mid- 

night. 

Daily 

mean. 

64 

66 

72 

72 

73 

7i 

7i 

72 

73 

73 

69 

70 

7°'5d 

68 

70 

73 

75 

76 

77 

77 

76 

76 

76 

75 

75 

73-8 

70 

67 

67 

62* 

63 

60* 

62* 

63 

65 

68 

75 

75 

71-9 

76 

78 

76 

76 

78 

78 

78 

76 

77 

76 

76 

75 

777 

69 

68 

7o 

7i 

69 

73 

72 

73 

74 

72 

74 

75 

72-8 

75 

74 

75 

75 

76 

76 

76 

76 

76 

76 

76 

77 

75-6 

79 

77 

77 

76 

73 

74 

74 

74 

73 

74 

73 

73 

76-6 

80 

80 

81* 

82* 

81* 

80 

78 

78 

72 

7i 

66 

66 

76-0 

7i 

7i 

70 

68 

72 

70 

70 

73 

67 

68  • 

70 

75 

72-3 

77 

79 

7 1 

70 

67 

70 

67 

72 

72 

72 

80 

75 

74*i 

79 

80 

80* 

74 

64 

66 

70 

74 

74 

74 

75 

76 

75-8 

78 

72 

58* 

60* 

70 

62* 

68 

68 

70 

65 

69 

70 

71-9 

64 

68 

68 

70 

72 

75 

64 

64 

64 

7i 

72 

73 

715 

69 

69 

63 

57* 

62* 

72 

72 

65 

64 

69 

72 

70 

70-3 

64 

66 

66 

69 

7i 

72 

72 

73 

7i 

72 

73 

74 

71-9 

72 

68 

62 

65 

68 

70 

73 

75 

7i 

76 

70 

66 

72-3 

69 

7i 

74 

74 

74 

74 

72 

73 

73 

72 

72 

73 

73‘4 

69 

70 

74 

75 

74 

75 

76 

76 

75 

74 

74 

74 

74-6 

74 

73 

70 

70 

69 

69 

66 

75 

67 

64 

60^ 

66 

719 

75 

76 

70 

7i 

69 

70 

72 

66 

74 

64 

69 

68 

737 

67 

66 

68 

69 

69 

7i 

64 

64 

68 

72 

69 

69 

72-3 

73 

72 

70 

7i 

72 

70 

67 

7i 

7i 

72 

72 

69 

73-0 

62* 

60* 

63 

68 

68 

69 

67 

68 

7i 

70 

68 

73 

70-0 

64 

66 

69- 

72 

74 

74 

75 

73 

7i 

76 

74 

73 

71-9 

76 

75 

78 

76 

76 

76 

76 

75 

80 

72 

7i 

77 

76-2 

69 

7i 

69 

70 

74 

76 

78 

75 

75 

74 

76 

75 

75-o 

75 

74 

75 

74 

75 

77 

78 

78 

76 

76 

77 

77 

77-2 

[76] 

[76] 

[76] 

[76] 

78 

78 

75 

69 

70 

72 

73 

74 

[760J 

71-6 

7i-5 

70-9 

71-0 

717 

72-3 

71-8 

72-0 

7i  8 

719 

721 

72-6 

7378 

7 1 '9 

71-9 

70-6 

72-0 

7i7 

73’2 

72-2 

72-0 

71-8 

71-9 

72-6 

72-6 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0-000109  in  parts  of  H.  All 


MARCH,  1887. 

[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

U 

2h 

3h 

4h 

5h 

6^ 

7h 

8^ 

9h 

IOh 

Ilh 

Noon. 

! 

74 

78 

74 

76 

75 

75 

78 

79 

79 

83 

82 

80 

2 

73 

77 

76 

78 

77 

75 

76 

7i 

81 

85 

88* 

85w 

3 

76 

76 

77 

7* 

79 

78 

77 

77 

78 

80 

79 

78 

4 

[80] 

[80] 

[81] 

[80] 

1 80] 

[79] 

[79] 

[78] 

[79] 

78 

78 

79 

5 

76 

77 

77 

77 

78 

80 

82 

82 

82 

82 

77 

74 

6 

74 

78 

77 

79 

77 

74 

77 

75 

76 

75 

70 

7i 

7 

72 

7i 

72 

72 

74 

73 

73 

75 

78 

80 

80 

78 

8 

82 

74 

83 

72 

74 

75 

72 

75 

76 

80 

80 

77 

9 

74 

83 

81 

74 

76 

74 

73 

74 

75 

73 

74 

75 

10 

76 

77 

79 

75 

76 

74 

76 

74 

73 

7i 

68 

70 

1 1 

75 

73 

75 

76 

75 

75 

76 

76 

76 

73 

72 

7i 

12 

75 

75 

75 

75 

75 

75 

74 

73 

73 

75 

77 

77 

13 

77 

77 

77 

77 

77 

77 

77 

76 

78 

80 

77 

79 

H 

75 

77 

77 

79 

79 

78 

78 

78 

80 

80 

80 

78 

i5 

76 

77 

79 

• 77 

77 

75 

77 

78 

79 

80 

79 

82 

16 

74 

75 

78 

76 

76 

75 

76 

76 

75 

76 

78 

75 

17 

75 

79 

79 

78 

78 

79 

78 

77 

78 

78 

80 

79 

18 

79 

79 

80 

79 

79 

79 

77 

76 

79 

82 

84 

82 

19 

79 

79 

81 

80 

81 

81 

82 

81 

81 

78 

82 

82 

20 

74 

79 

81 

78 

82 

80 

83 

78 

82 

80 

78 

77 

21 

79 

77 

79 

79 

73 

75 

76 

7i 

70 

74 

61* 

70 

22 

78 

79 

80 

77 

79 

80 

79 

78 

83 

70 

66* 

65* 

23 

78 

74 

78 

79 

78 

77 

80 

75 

70 

68 

67* 

68 

24 

65* 

70 

76 

75 

76 

76 

73 

75 

73 

69 

69 

70 

25 

76 

77 

79 

77 

77 

78 

77 

76 

76 

77 

77 

76 

26 

78 

78 

[79] 

[78] 

[78] 

[77] 

[77] 

76 

74 

74 

74 

74 

27 

78 

79 

79 

79 

81 

78 

79 

78 

75 

76 

76 

74 

28 

74 

78 

78 

78 

77 

81 

79 

78 

74 

7i 

68 

68 

29 

76 

78 

78 

78 

78 

78 

78 

78 

78 

78 

75 

74 

30 

80 

80 

81 

81 

80 

80 

82 

82 

81 

80 

78 

77 

3i 

81 

81 

81 

81 

8c 

80 

80 

80 

81 

80 

79 

78 

Monthly) 
mean  £ 

76-1 

77-2 

78-3 

77'4 

77’5 

77-1 

77-5 

76-6 

77-2 

77-0 

75'9 

75-6 

Normal 

76-5 

77-2 

78-3 

774 

77-5 

77-1 

77 '5 

76-6 

7.7-2 

77-0 

76-7 

75-6 
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HORIZONTAL  INTENSITY  — Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.  ] 

MARCH,  1887. 


I3h 

i4h 

i5h 

l6h 

iyh 

i8h 

i9h 

20h 

2Ih 

22h 

23h 

Mid- 

night. 

Daily 

mean. 

76 

74 

73 

73 

74 

75 

76 

76 

73 

73 

73 

76 

76-0^ 

81 

79 

76 

74 

74 

75 

75 

74 

76 

77 

76 

76 

77*3 

78 

79 

78 

78 

79 

79 

80 

80 

[80] 

[80] 

[80] 

[80] 

80 

81 

80 

78 

78 

78 

78 

78 

78 

77 

75 

75 

[78-6] 

74 

74 

79 

72 

7i 

69 

72 

70 

7i 

74 

7i 

72 

75*5 

67 

72 

70 

•69 

70 

70 

70 

70 

70 

73 

74 

72 

72*9 

76 

75 

73 

74 

76 

76 

76 

75 

75 

78 

74 

72 

74‘9 

75 

66* 

62* 

63* 

66* 

65* 

70 

66 

69 

7i 

72 

76 

72-5 

74 

7i 

74 

74 

74 

73 

73 

73 

73 

70 

73 

73 

74*2 

75 

77 

76 

74 

75 

74 

72 

72 

7i 

77 

73 

75 

74*2 

75 

79 

75 

74 

74 

74 

74 

73 

74 

73 

77 

76 

74*7 

75 

78 

78 

75 

74 

74 

74 

74 

75 

7*3 

76 

76 

75-o 

79 

79 

78 

76 

77 

78 

76 

72 

73 

73 

75 

77 

767 

76 

80 

78 

80 

78 

80 

79 

78 

79 

77 

79 

78 

78-4 

83 

83 

68 

65* 

68 

68 

70 

74 

75 

7i 

78 

75 

75*6 

73 

75 

74 

73 

72 

73 

74 

74 

76 

76 

77 

76 

75-i 

79 

77 

76 

74 

76 

76 

77 

77 

77 

77 

77 

78 

77’5 

80 

79 

80 

79 

78 

76 

77 

78 

76 

77 

78 

77 

78-8 

81 

78 

80 

88* 

86* 

83 

79 

76 

78 

76 

75 

75 

8o*i 

74 

72 

76 

76 

74 

74 

72 

72 

79 

75 

68 

75 

76-6 

76 

78 

79 

75 

76 

76 

76 

75 

76 

76 

76 

75 

74*9 

67 

68 

73 

7i 

78 

76 

73 

76 

76 

76 

77 

73 

74*9 

7i 

73 

73 

60* 

65* 

67 

69 

72 

70 

67 

63* 

64* 

7i*i 

72 

74 

75 

76 

74 

73 

73 

73 

75 

75 

75 

76 

73*2 

75 

77 

77 

76 

75 

76 

78 

75 

77 

76 

77 

80 

767 

74 

74 

76 

76 

77 

76 

74 

72 

77 

74 

75 

77 

[75*7] 

74 

75 

77 

78 

78 

76 

74 

77 

77 

80 

75 

74 

77-0 

73 

75 

77 

76 

78 

77 

78 

76 

75 

74 

74 

76 

75*5 

74 

77 

78 

78 

79 

79 

79 

80 

80 

80 

79 

80 

77*9 

77 

79 

81 

. 81 

81 

81 

80 

80 

79 

79 

79 

81 

8o-o 

78 

79 

80 

80 

82 

82 

81 

81 

81 

80 

8o. 

80 

80-2 

75'5 

76-0 

75*8 

74*7 

75*4 

75*i 

75*i 

74*8 

75‘5 

75*3 

75*2 

75*7 

! 76-15 

75*5 

76-4 

76-3 

75-6 

75*7 

75*5 

75*i 

74-8 

75*5 

73*3 

75*6 

76-1 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0-000109  in  parts  of  H.  All 

APRIL,  1887. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

ih 

2h 

3h 

4h 

5h 

6h 

7h 

8^ 

9h  * 

IOh 

Ilh 

Noon. 

r 

81 

8l 

81 

83 

83 

83 

83 

82 

So 

79 

80 

81 

2 

73 

73 

74 

75 

75 

78 

79 

78 

78 

77 

77 

77 

3 

76 

78 

78 

85 

83 

78 

76 

76 

77 

78 

76 

75 

4 

80 

81 

79 

80 

80 

84 

83 

83 

83 

79 

73 

75 

5 

70 

7i 

72 

72 

74 

80 

77 

76 

77 

79 

76 

58* 

6 

77 

78 

78 

78 

81 

78 

76 

74 

74 

67 

67 

65* 

7 

68 

74 

75 

72 

72 

69* 

70 

73 

75 

74 

72 

74 

8 

74 

72 

76 

76 

76 

76 

76 

75  ' 

70 

67 

72 

70 

9 

75 

77 

80 

74 

74 

73 

72 

70 

66 

67 

70 

72 

10 

74 

78 

76 

77 

76 

75 

74 

70 

66 

65* 

63* 

64* 

11 

69 

72 

85 

77 

80 

78 

72 

70 

68 

68 

67 

64* 

12 

74 

76 

76 

75 

76 

75 

73 

74 

72 

70 

67 

64* 

13 

75 

76 

78 

77 

77 

78 

76 

75 

75 

75 

73 

73 

14 

76 

79 

80 

75 

77 

81 

81 

80 

79 

79 

80 

81 

15 

7i 

69 

73 

75 

76 

76 

76 

76 

76 

76 

75 

73 

16 

77 

80 

78 

79 

80 

81 

79 

77 

74 

72 

69 

69 

17 

76 

77 

77 

77 

77 

77 

78 

74 

73 

77 

77 

74 

18 

79 

76 

77 

79 

79 

79 

75 

74 

76 

77 

77 

78 

19 

79 

79 

80 

79 

79 

79 

78 

76 

75 

76 

77 

77 

20 

82 

79 

80 

79 

80 

80 

78 

76 

76 

75 

76 

77 

21 

86* 

80 

76 

78 

80 

80 

79 

77 

77 

78 

78 

78 

22 

80 

83 

89* 

87 

83 

84 

81 

81 

79 

7i 

73 

73 

23 

79 

79 

81 

79 

80 

80 

79 

76 

73 

75 

76 

78 

24 

80 

79 

78 

77 

76 

78 

77 

72 

70 

7i 

70 

72 

25 

88* 

76 

78 

83 

87 

84 

78 

72 

7i 

70 

68 

68 

26 

78 

79 

79 

80 

81 

82 

80 

80 

80 

80 

76 

75 

27 

82 

83 

82 

82 

84 

82 

82 

79 

78 

78 

78 

78 

28 

88* 

84 

82 

84 

84 

79 

76 

64* 

76 

72 

76 

75 

29 

73 

67* 

70 

72 

73 

73 

72 

70 

72 

76 

75 

75 

30 

77 

76 

78 

77 

78 

77 

74 

73 

74  ■ 

74 

75 

75 

Monthly ) 
mean  <[ 

77-2 

77-1 

78-2 

78-1 

787 

78-6 

77-0 

751 

747 

74-1 

73-6 

72-9 

Normal 

76-1 

77-4 

77-8 

78-1 

787 

78-9 

77-0 

75‘5 

747 

74'4 

74-0 

749 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.  ] 

APRIL,  1887. 


I3h 

14I1 

i5h 

l6h 

i7h 

18“ 

1911 

20h 

2Ih 

22h 

2311 

Mid- 

night. 

Daily 

mean. 

82 

83 

85 

77 

75 

7i 

64* 

62* 

69 

72 

7i 

75 

77‘6d 

76 

81 

79 

80 

81 

80 

7i 

64* 

74 

73 

90* 

76 

76-6 

76 

74 

76 

77 

76 

77 

78 

79 

79 

79 

80 

79 

77-8 

75 

73 

63* 

68 

72 

73 

73 

74 

76 

69 

66* 

62* 

75-2 

67 

73 

65* 

74 

66 

74 

73 

76 

76 

85* 

68 

7i 

72-9 

7i 

75 

70 

68 

73 

60* 

63* 

64* 

59* 

76 

76 

60* 

71-2 

74 

75 

76 

75 

b9 

69 

62* 

68 

66 

76 

68 

74 

717 

63* 

7i 

73 

72 

74 

7i 

73 

74 

67 

66 

66* 

70 

717 

75 

77 

76 

77 

77 

74 

70 

69 

69 

78 

68 

70 

72-9 

69 

74 

77 

74 

76 

77 

74 

66 

65 

67 

64* 

67 

712 

66 

74 

75 

76 

64* 

60* 

69 

72 

73 

73 

72 

74 

716 

7i 

73 

73 

76 

74 

75 

74 

74 

74 

74 

74 

74 

73-2 

73 

73 

75 

74 

74 

75 

79 

78 

75 

68 

7i 

74 

74-9 

84* 

83 

80 

80 

68 

09 

75 

64* 

66 

58* 

78 

70 

76-0 

74 

74 

75 

74 

74 

76 

75 

76 

74 

82 

77 

77 

75-0 

69 

70 

72 

76 

73 

77 

77 

76 

76 

74 

77 

74 

75-3 

73 

76 

76 

76 

75 

75 

75 

76 

75 

74 

73  ^ 73 

75-5 

78 

76 

80 

79 

77 

74 

74 

76 

77 

78 

77 

78 

77-1 

79 

72 

78 

80 

80 

80 

81 

77 

77 

7i 

77 

78 

77.7 

77 

78 

79 

78 

78 

78 

78 

79 

78 

81 

81 

80 

78-5 

78 

79 

78 

78 

79 

75 

79 

80 

78 

80 

80 

81 

• 78-8 

78 

76 

66* 

75 

76 

76 

74 

66 

75 

. 76 

78 

80 

77'5 

77 

80 

78 

68 

70 

68 

66 

68 

70 

76 

74 

76 

75-2 

76 

77 

79 

78 

81 

78  . 

79 

76 

76 

77 

76 

79 

76-3 

68 

68 

7i 

72 

72 

70 

73 

75  ’ 

75 

75 

77 

79 

74-9 

76 

77 

76 

74 

76 

79 

79 

80 

80 

8r 

81 

82 

78-8 

81 

85* 

84 

84 

82 

82 

82 

83 

85* 

85* 

87* 

87* 

82-3 

70 

65* 

66* 

69 

68 

60* 

68 

73 

7i 

72 

74 

81 

74-0 

75 

75 

77 

7i 

68 

70 

72 

70 

75 

74 

77 

76 

72-8 

76 

76 

78 

77 

75 

75 

74 

74 

73 

74 

74 

79 

75-5 

74’2  75'4  75'2  75‘2  74‘i  733  735  73'  o 73' 4 74'8  75**  75’2 

743  75'5  76-8  75-2  74'5  747  74’6  744  73*5  747  75*2  75*8 


7532 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  divisions  pins  tabular  quantity,  one  division  = 0’000109  in  parts  of  H.  All 

MAY,  1887. 

[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

ih 

2b 

3h 

4h 

5h 

6b 

7h 

8b 

9h 

lOh 

1 1 b 

Noon. 

1 

79 

79 

78 

78 

78 

76 

75 

72 

/ 

7i 

70 

68 

72 

2 

69 

72 

73 

73 

78 

73 

75 

74 

74 

76 

73 

65* 

3 

74 

73 

73 

75 

76 

76 

74 

73 

74 

75 

75 

73 

4 

76 

78 

78 

78 

75 

72 

7i 

73 

68 

66 

68 

69 

5 

75 

76 

74 

75 

77 

77 

77 

73 

7i 

67 

68 

69 

6 

76 

75 

76 

76 

76 

76 

74 

72 

72 

70 

7i 

7i 

7 

76 

76 

76 

76 

76 

74 

73 

73 

74 

7i 

7i 

7i 

8 

77 

79 

78 

80 

77 

78 

79 

76 

75 

73 

7i 

72 

9 

79 

78 

78 

79 

78 

79 

78 

77 

78 

76 

76 

80 

10 

78 

79 

78 

79 

79 

>78 

80 

79 

78 

75 

74 

73 

1 1 

78 

78 

77 

78 

79 

•77 

76 

82 

79 

76 

72 

74 

12 

85 

88* 

86* 

88* 

87* 

88* 

85 

87* 

89* 

92* 

92* 

93* 

13 

85 

79 

78 

78 

80 

78 

81 

79 

83 

76 

74 

76 

14 

75 

74 

75 

77 

76 

77 

80 

78 

77 

74 

69 

69 

15 

76 

78 

80 

' 79 

78 

78 

75 

78 

78 

76 

74 

72 

16 

75 

77 

77 

79 

78 

76 

76 

73 

76 

77 

76 

74 

17 

78 

80 

76 

76 

75 

77 

75 

73 

70 

72 

74 

72 

18 

73 

74 

75 

74 

76 

76 

76 

74 

73 

75 

74 

74 

19 

81 

75 

76 

75 

76 

74 

73 

73 

75 

77 

77 

74 

20 

76 

76 

76 

76 

76 

77 

76 

74 

75 

78 

78 

77 

21 

78 

78 

79 

79 

81 

81 

77 

7i 

7i 

73 

76 

78 

22 

79 

78 

78 

77 

77 

78 

77 

74 

72 

72 

7i 

74 

23 

80 

80 

80 

82 

83 

83 

80 

76 

76 

76 

79 

80 

24 

70 

69 

72 

72 

72 

74 

70 

63* 

68 

72 

73 

69 

25 

69 

83 

73 

74 

72 

73 

68 

74 

75 

75 

78 

78 

26 

72 

70 

73 

73 

74 

75 

77 

75 

74 

76 

76 

80 

27 

80 

82 

81 

82 

78 

75 

72 

7i 

73 

78 

79 

75 

28 

78 

72 

72 

72 

75 

75 

75 

75 

7i 

72 

77 

80 

29 

77 

77 

77 

78 

78 

78 

75 

75 

78 

78 

76 

75 

30 

77 

81 

80 

79 

83 

80 

79 

78 

81 

79 

79 

78 

3i 

79 

79 

79 

79 

83 

80 

80 

76 

78 

80 

81 

77 

Monthly  ? 
mean  $ 

76-8 

77-2 

76-8 

77’3 

77-6 

77-1 

76-1 

74’9 

75-i 

74'9 

74-8 

74*6 

Normal 

76-8 

76-8 

76-5 

76-9 

77’3 

767 

761 

74’9 

74-6 

74‘4 

74’3 

74'3 

REPORT  FOR  1891 — PART  II. 


225 


HORIZONTAL  INTENSITY— Continued. 
magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 


readings  referred  to  staudard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

MAY,  1887. 


i3h 

I4h 

r5h 

i6h 

i7h 

l8h 

i9‘* 

20h 

2 1 h 

22h 

23^ 

Mid- 

night. 

Daily 

mean. 

72 

72 

77 

78 

78 

78 

79 

80 

79 

75 

72 

58* 

74‘8d 

7i 

76 

74 

76 

7i 

58* 

70 

68 

83 

69 

70 

79 

72'5 

7i 

69 

72 

74 

72 

66 

63* 

72 

70 

70 

80 

75 

72'7 

69 

73 

75 

70 

69 

67 

61* 

69 

78 

74 

74 

74 

719 

69 

72 

75 

74 

7i 

70 

73 

7i 

75 

76 

79 

76 

7«‘3 

74 

77 

76 

79 

77 

77 

7i 

72 

73 

75 

76 

76 

74-5  ' 

70 

73 

73 

74 

76 

75' 

73 

73 

74 

75 

76 

77 

74-0 

76 

78 

77 

74 

74 

76 

76 

73 

74 

76 

77 

77 

76-0 

81 

82 

79 

78 

76 

72 

74 

75 

76 

78 

78 

82 

77-8 

72 

72 

72 

72 

73 

76. 

76 

75 

76 

75 

76 

77 

75'9 

75 

76 

78 

78 

80 

79 

81 

84* 

83 

80 

82 

85 

786 

84* 

83 

76 

75 

60* 

.57* 

68 

76 

73 

70 

78 

78 

807 

77 

75 

72 

7i 

72 

72 

74 

66 

67 

68 

72 

74 

75‘3 

72 

70 

73 

72 

77 

72 

7i 

68 

78 

70 

75 

76 

74-0 

7i 

73 

72 

7i 

7i 

72 

72 

75 

75 

74 

80 

74 

75-i 

73 

72 

72. 

73 

72 

74 

74 

73 

75 

75 

76 

78 

75'° 

73 

72 

7i 

70 

70 

67 

69 

72 

71 

68 

68 

79 

72-8 

74 

78 

78 

78 

79 

82* 

63* 

67 

67 

72 

69 

76 

74-0 

72 

69 

73 

73 

74 

74 

75 

74 

74 

73 

75 

76 

74-5 

79 

80 

82 

77 

78 

76 

76 

76 

76 

76 

77 

78 

76-9 

78 

80 

80 

78 

76 

76 

78 

79 

79 

79 

79 

78 

77-6 

80 

79 

78 

74 

74 

76 

77 

77 

77 

78 

79 

80 

76-5 

84* 

90* 

89* 

76 

68 

64 

56* 

67 

70 

70 

81 

75 

76-9 

7i 

66* 

70 

61* 

60* 

64 

66 

64 

63* 

69 

67 

78 

6S’5 

73 

74 

70 

69 

68 

69 

72 

72 

73 

73 

74 

72 

730 

87* 

80 

76 

74 

76 

76 

77 

77 

78 

78 

79 

78 

76-3 

77 

72 

72 

73 

63* 

66 

67 

70 

66 

72 

70 

7i 

73-5 

80 

80 

78 

75 

75 

74 

74 

76 

76 

76 

76 

76 

75-4 

74 

74 

74 

73 

. 7i 

73 

7i 

73 

72 

73 

74 

79 

75'i 

76 

74 

76 

74 

75 

75 

75 

72 

72 

70 

76 

76 

76-9 

76 

75 

75 

79 

79 

79 

75 

77 

78 

80 

84 

78 

78-6 

75-2 

75-4 

75‘3 

74*o 

727 

72-0 

71-8 

73-0 

74-2 

73-8 

75-8 

76-3 

75-12 

•74'2 

75-2 

74'9 

74'4 

74-0 

727 

73-4 

72-6 

74-6 

00 

ro 

75-8 

769 

H.  E?.  43,  pt.  2—15 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hijilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0-000109  in  parts  of  H.  All 


JUNE,  1887. 

[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

Ih 

2b 

3h 

4h 

5 11 

6*> 

7h 

8h 

9 11 

IOh 

uh 

Noon. 

1 

74 

77 

77 

77 

77 

76 

78 

78 

77 

74 

7P 

73 

2 

82 

82 

79 

80 

79 

77 

73 

74 

79 

81 

78 

80 

3 

80 

80 

80 

79 

79 

81 

80 

77 

75 

79 

79 

79 

4 

80 

80 

80 

80 

80 

80 

78 

70 

72 

78 

83 

85 

*5 

86 

72 

80 

78 

75 

80 

78 

77 

74 

77 

77 

74 

6 

79 

82 

81 

79 

80 

80 

80 

80 

80 

79 

80 

82 

7 

78 

79 

79 

79 

80 

78 

76 

74 

76 

78 

77 

76 

8 

82 

84 

87 

83 

84 

85 

85 

82 

77 

75 

77 

80 

9 

80 

81 

84 

82 

80 

82 

82 

80 

82 

80 

78 

82 

10 

85 

75 

85 

78 

80 

81 

81 

76 

74 

73 

74 

76 

11 

78 

82 

81 

80 

81 

81 

80 

78 

75 

76 

76 

79  ” 

12 

78 

79 

80 

80 

82 

80 

82. 

80 

78 

79 

79 

81 

13 

74 

77 

77 

78 

79 

80 

78 

78 

73 

70 

70 

73 

14 

76 

76 

77 

77 

78 

79 

79 

76' 

75 

76 

77 

80 

15 

77 

78 

78 

78 

78 

79 

76 

73 

72 

74 

75 

77 

16 

76 

78 

77 

77 

79 

80 

76 

7i 

72 

7*2 

72 

72 

17 

79 

79 

80 

81 

79 

81 

79 

75 

73 

72 

75 

78 

18 

84 

83 

85 

86 

85 

90* 

80 

80 

81 

82 

82 

83 

19 

82 

85 

78 

80 

79 

75 

78 

79 

79 

78 

75 

75 

20 

82 

80 

81 

79 

79 

80 

81 

80 

77 

78 

77 

75 

21 

76 

75 

79 

81 

81 

80 

78 

75 

79 

79 

79 

78 

22 

83 

78 

73 

74 

73 

76 

76 

75 

76 

78 

73 

72 

23 

76 

76 

76 

76 

75 

74 

74 

75 

77 

78 

79 

77 

24 

75 

76 

77 

76 

75 

75 

74 

74 

70 

[72] 

74 

75 

25 

76 

77 

76 

76 

77 

78 

77 

76 

76 

75 

74 

75 

26 

79 

79 

80 

80 

79 

80 

79 

78 

79 

78 

76 

72 

27 

[78] 

[78] 

[78] 

[78] 

[77] 

[77] 

[77] 

[74] 

73 

75 

76 

75 

28 

78 

78 

77 

78 

78 

79 

79 

78 

76 

75 

73 

74 

29 

79 

79 

79 

80 

80 

80 

81 

80  • 

79 

78 

80 

81 

30 

83 

84 

86 

82 

86 

89* 

86 

85 

82 

77 

79 

81 

Monthly ) 
mean  $ 

79-2 

79-0 

79-6 

791 

79-1 

79-8 

787 

76-8 

76-3 

765 

76*5 

77‘3 

Normal 

79’2 

79-0 

79-6 

79-1 

79*1 

79-1 

787 

76 -8 

7 6-3 

76*5 

76-5 

77'3 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

JUNE,  1887. 


I3h 

I4h 

!5h 

16“ 

i;h 

1 811 

1911 

2oh 

2Ih 

22h 

23b 

Mid- 

night. 

Daily 

mean. 

77 

75 

75 

73 

73 

73 

74 

77 

78 

78 

78 

78 

757d 

79 

78 

74 

74 

74 

77 

• 78 

77 

79 

80 

80 

80 

78-1 

81 

78 

76 

76 

75 

77 

78 

78 

79 

79 

80 

80 

78-5 

83 

77 

81 

80 

78 

78 

82 

82 

81 

82  . 

77 

79 

79*4 

72 

69 

68 

67 

68 

69 

74 

74 

80 

80 

77  • 

78 

75*2 

82 

82 

81 

79 

75 

73 

75 

76 

76 

76 

76 

76 

787 

77 

76 

76 

78 

77  ' 

77 

78 

78 

76 

80 

79 

82 

77.7 

81 

84 

83 

83 

76 

77 

17 

76 

80 

67* 

74 

74 

79*7 

78 

79 

77 

78 

75 

71 

74 

77 

77 

82 

77 

82 

79*2 

77 

79 

80 

78 

75 

75 

77 

76 

77 

77 

7? 

79 

77.7 

79 

74 

76 

77 

76 

76 

76 

78 

78 

78 

80 

78 

78-0 

82 

84 

84 

79 

70 

7i 

70 

67 

70 

73 

73 

76 

77*4 

78 

79 

75 

73 

7i 

7i 

74 

74 

74 

74 

74 

75 

75*o 

80 

81 

80 

79 

76 

74 

74 

75 

75 

76 

76 

76 

77*o 

78 

78 

77 

76 

76 

75 

75 

75 

76 

77 

75 

75 

76-2 

72 

72 

73 

74 

7*4 

76 

76 

76 

76 

76 

76 

78 

75° 

77 

80 

78 

77 

77 

72 

75 

76 

79 

84 

83 

81 

77*9 

78 

81 

83 

83 

80 

78 

76 

78 

78 

80 

82 

84 

817 

76 

77 

78 

77 

72 

75 

75 

76 

78 

79 

79 

82 

77*8 

76 

76 

76 

77 

74 

76 

76 

75 

75 

74 

74 

86 

77.7 

80 

77 

78 

69 

74 

70 

69 

7i 

67* 

73 

72 

77 

75*7 

70 

76 

7i 

73 

73 

72 

7i 

72 

72 

80 

76 

76 

74*5 

77 

75 

7i 

70 

72 

72 

72 

74 

76 

'74 

72 

73 

74*6 

7i 

7i 

72 

7i 

7i 

73 

73 

74 

74 

74 

76 

77 

[73*8] 

80 

79 

79 

76- 

75 

7i 

74 

74 

74 

77 

77 

77 

76-1 

72 

77 

77 

78 

77 

77 

75 

[75] 

[76] 

[77] 

[76] 

[78] 

[77*2] 

75 

76 

75 

73 

78 

78 

78 

78 

77 

78 

78 

76 

[76-5] 

76 

77 

76 

75 

75 

76 

77 

75 

79 

79 

78 

78 

76-8 

81 

83 

79 

78 

70 

74 

78 

79 

77 

79 

78 

86 

79*o 

81 

80 

78 

76 

76 

77 

78 

78 

78 

78 

78 

80 

807 

77-5 

777 

76-9 

75'9 

74-4 

74*4 

75*3 

75*7 

76-4 

77*4 

76*9 

78-6 

77*29 

77-5 

777 

76-9 

75‘9 

74'4 

74’4 

75*3 

75*7 

767 

77.7 

76-9 

7 8-6 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0 000109  in  parts  of  H.  All 

JULY,  1887. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

U 

2h 

3h 

4h 

5 11 

6^ 

7h 

8h 

9h 

IOl1 

nh  Noon. 

1 

79 

79 

79 

80 

79 

80 

79 

75 

74 

75 

77 

78 

2 

75 

75 

77 

78 

78 

79*. 

76 

74 

70 

* 74 

77 

79 

3 

77 

77 

77 

78 

78 

78 

76 

75 

76 

77 

76 

75 

4 

80 

81 

82 

82 

82 

82 

80 

72 

77 

77 

82 

83 

5 

86 

86 

86 

86 

87 

88 

84 

82 

80 

8if 

84t 

86 

6 

74 

75 

75 

78 

79 

78 

74 

70 

74 

73 

77 

76 

7 

72 

69* 

90* 

76 

79 

83 

83 

75 

68 

76. 

82 

80 

8 

7i 

74 

73 

73 

74 

72 

75 

75 

75 

74 

70. 

70 

9 

73 

74 

73 

74 

73 

74 

70 

66 

65* 

72 

75 

81 

10 

84 

79 

79 

77 

81 

80 

76 

73 

74 

68 

62* 

64* 

1 1 

77 

76 

78 

78 

80 

79 

76 

73 

74 

75 

74 

76 

12 

74 

79 

74 

76 

75 

73 

72 

69 

7i 

70 

72 

74 

13 

72 

7i 

73 

74 

74 

78 

78 

75 

72 

68 

7i 

73 

14 

72 

75 

76 

78 

78 

79 

76 

75 

74 

76 

77 

79 

15 

83 

86 

82 

83 

84 

83 

83 

79 

76 

79 

79 

79 

16 

79 

79 

79 

78 

79 

78 

79 

76 

76 

81 

82 

82 

17 

76 

76 

77 

78 

77 

78 

78 

77 

77 

77 

75 

73 

18 

78 

80 

81 

80 

82 

79 

79 

80 

82 

82 

73 

7i 

19 

79 

78 

79 

79 

78 

78 

78 

77 

75 

77 

77 

81 

20 

77 

79 

77 

76 

76 

75 

74 

69 

66 

74 

77 

80 

21 

83 

83 

81 

81 

80 

80 

79 

75 

78 

80 

82 

80 

22 

78 

78 

79 

80 

80 

80 

78 

76 

74 

75 

80 

85 

23 

80 

81 

80 

79 

79 

78 

77 

73 

7i 

76 

80 

85 

24 

78 

78 

78 

78 

77 

77 

75 

73 

80 

82 

83 

80 

25 

79 

80 

81 

80 

79 

77 

74 

75 

76 

78 

80 

77 

26 

78 

80 

78 

78 

78 

79 

77 

75 

74 

75 

77 

76 

27 

82 

82 

87 

83 

83 

83 

81 

78 

76 

73 

73 

77 

28 

79 

80 

80 

79 

79 

80 

79 

76 

75 

78 

79 

77 

29 

80 

80 

80 

80 

80 

81 

78 

76 

79 

81 

83 

83 

3° 

81 

81 

80 

80 

81 

82 

81 

76 

72 

7i 

74 

80 

3i* 

83 

81 

82 

82 

82 

81 

77 

74 

76 

77 

78 

79 

Monthly/ 
mean  ^ 
Normal 

78-0 

78-5 

79-1 

78-8 

79-1 

79-1 

77’5 

74-6 

74‘4 

75‘9 

77-0 

78-0 

78-0 

78-8 

•^1 

Op 

60 

78-8 

79-1 

79*i 

77'5 

74-6 

74- 7 

75*9 

77*5 

78-5 

tEye  readings. 
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HORIZONTAL  INTENSITY— Continued. 
magnetometer  o f the  Los  Angeles  Magnetic  Observatory. 

leadings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

JULY,  1887. 


I3h 

1411 

r5h 

i6h 

i7h 

18* 

1911 

20h 

2Ih 

22h 

23h 

Mid- 

night. 

I )aily 
mean. 

78 

77 

75 

75 

76 

76 

77 

76 

77 

78 

77 

78 

77. 2d 

80 

78 

76 

74 

74 

75 

76 

77 

77 

77 

78 

79 

76-4 

78 

77 

78 

78 

77 

77 

76 

77 

78 

78 

78 

78 

77-1 

83 

82 

80 

83 

77 

. 78 

81 

81 

81 

81 

80 

81 

80-3 

87 

85 

83 

77 

77 

80 

77 

75 

67* 

66* 

68 

69 

80-3 

72 

7i 

70 

67 

6s* 

63* 

64* 

66* 

69 

69 

66* 

63* 

71-2 

76 

75 

69 

67 

63* 

66 

57* 

68 

66* 

77 

7i 

73 

73M 

66* 

67* 

65* 

60* 

65* 

69 

64* 

66* 

7i 

7i 

7i 

74 

702 

85 

85 

83 

80 

75 

73 

73 

76 

74 

77 

76 

78 

75*2 

73 

74 

73 

73 

74 

7i 

77 

74 

75 

77 

78 

81 

74*9 

79 

82 

80 

78 

74 

70 

69 

72 

7i 

7i 

73 

72 

75‘3 

76 

75 

74 

7i 

69 

69 

7i 

72 

75 

7i 

70 

70 

72-6 

72 

80 

7i 

66 

67 

67 

69 

70 

72. 

73 

72 

74 

72-2 

78 

76 

74 

72 

76 

79 

80 

80 

80 

80 

81 

82 

77‘2 

75 

78 

72 

7i 

74 

. 74 

74 

74 

7i 

74 

77 

79 

77‘9 

81 

'80 

79 

75 

74 

74 

76 

78 

78 

78 

78 

77 

78-2 

75 

77 

76 

75 

76 

75 

79 

80 

80 

80 

79 

78 

77-0 

83 

82 

85 

76 

78 

74 

72 

73 

79 

75 

78 

78 

78'3" 

79 

80 

7i 

70 

7i 

72 

74 

7i 

7i 

78 

75 

76 

76-0 

81 

74 

7i 

73 

^ 72 

73 

75 

76 

77 

78 

79 

79 

75*3 

80 

76 

75 

74 

73 

76 

76 

76 

76 

76 

76 

77 

78-0 

86 

85 

84 

78 

76 

76 

78 

78 

79 

79 

80 

80 

79-2 

87 

82 

79 

7i 

70 

73 

76 

75 

76 

76 

75 

77 

77'3 

80 

79 

76 

74 

73 

75 

77 

77 

77 

77 

78 

79 

77’5 

75 

76 

75 

76 

76 

76 

76 

75 

73  • 

74 

75 

77 

767 

73 

74 

76 

78 

78 

79 

80 

80 

81 

82 

83 

84 

78-0 

80 

76 

76 

75 

74 

74 

78 

79 

79 

78 

78 

79 

78-5 

76 

74 

76 

77 

77 

80 

80 

79 

79 

79 

79 

80 

78-2 

80 

78 

78 

76 

78 

79 

80 

78 

78 

77 

78 

81 

79*3 

82 

84 

84 

81 

79 

80 

80 

80 

81 

82 

82 

83 

79’9 

80 

82 

82 

81 

79 

80 

81 

80 

81 

80 

81 

82 

8o-o 

78-6 

78-1 

76-3 

74-3 

73-8 

74’3 

74-9 

75-5 

75-8 

76-4 

76-5 

77  4 

7674 

79-0 

78-5 

767 

747 

74*8 

747 

76-4 

76-1 

76-4 

76-8 

76-8 

77-8 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  di vision  = 0- 000109  in  parts  of  H.  All 

AUGUST,  1887. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

2h 

3h 

411 

5h 

6b 

7h 

8h 

9h 

IOh 

nh 

Noon. 

1 

82 

82 

82 

91* 

91* 

90* 

86* 

77 

64 

73 

80 

84* 

2 

64* 

66* 

67 

66* 

68 

68 

64* 

65 

66 

68 

62* 

72 

3 

73 

69 

73 

73 

73 

69 

68 

66 

69 

7i 

7° 

73 

4 

74 

73 

75 

73 

72 

74 

7o. 

67 

72 

7i 

72 

72 

5 

74 

82 

70 

78 

76 

74 

72 

74 

74 

72 

7i 

72 

6 

78 

76 

74 

72 

74 

74 

72 

73 

72 

73 

69 

70 

7 

78 

77 

74 

74 

74 

76 

73 

70 

7i 

72 

70 

73 

8 

73 

76 

74 

73 

73 

7i 

73 

74 

73 

72 

68 

64* 

9 

75 

74 

73 

75 

75 

75 

74 

74 

76 

79 

81 

79 

10 

77 

79 

78 

75 

75 

75 

75 

73 

73 

73 

7i 

7i 

1 1 

76 

76 

76 

76 

76 

78 

77 

78 

73 

74 

74 

76 

12 

76 

77 

78 

77 

77 

77 

76 

75 

75 

76 

76 

74 

13 

78 

78 

79 

79 

79 

79 

77 

75 

76 

78 

78 

79 

H 

76 

74 

77 

81 

77 

80 

77 

72 

76 

77 

75 

72 

15 

70 

78 

79 

78 

72 

74 

72, 

68 

72 

72 

76 

73 

16 

73 

74 

74 

75 

76 

72 

70 

7i 

76 

77 

76 

74 

17 

75 

76 

75 

76 

76 

75 

72 

7i 

73 

74 

73 

7i 

18 

75 

76 

75 

76 

76 

77 

73 

67 

7i 

77 

80 

79 

*9 

75 

75 

76 

75 

76 

75 

72 

66 

65 

70 

72 

74 

20 

77 

78 

78 

78 

79 

79 

78 

72 

73 

76 

78 

81 

21 

79 

79 

80 

79 

80 

79 

76 

74 

76 

74 

7i 

7i 

22 

77 

77 

76 

76 

76 

75 

74 

75 

77 

76 

74 

75 

23 

75 

75 

76 

76 

76 

76 

76 

74 

74 

77 

75 

75 

24 

74 

75 

76 

75 

74 

76 

76 

72 

69 

72 

77 

81 

25 

76 

77 

78 

77 

79 

74 

75 

74 

77 

76 

74 

75 

26 

78 

79 

79 

79 

80 

79 

79 

77 

75 

74 

76 

77 

27 

76 

76 

76 

76 

76 

75 

72 

70 

7i 

72 

73 

75 

28 

74 

75 

75 

75 

76 

76 

73 

69 

70 

74 

74 

65 

29 

* 69 

70 

74 

72 

7i 

70 

69 

7i 

69 

72 

70 

70 

30 

70 

69 

81 

7i 

72 

72 

65 

70 

66 

63* 

69 

73 

3i 

70 

70 

70 

7i 

73 

74 

74 

74 

7i 

68 

66 

70 

Monthly  )j 
mean  y 

' 747 

75'4 

757 

757 

757 

75’4 

73-5 

71-9 

721 

73-3 

73*3 

73‘9 

Normal 

751 

757 

757 

75-6 

75'2 

749 

73A 

71-9 

721 

737 

736 

73'9 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Lon  Angeles  Magnetic  Observatory . 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

AUGUST,  1887. 


I3h 

14I1 

i5h 

1 6* 

i7h 

i8*> 

I9b 

20b 

2Ib 

22b 

23b 

Mid- 

night. 

Daily 

mean. 

79 

79 

70 

56* 

48* 

45* 

47* 

47* 

48* 

51* 

58* 

57* 

69-5  d 

78 

73 

66 

66 

66 

67 

7i 

68 

59* 

6l* 

65 

82 

67-4 

72 

64 

59* 

58* 

58* 

63 

72 

62* 

67 

69 

70 

73 

68-i 

73 

69 

64 

64 

65 

65 

66 

62* 

65 

66 

69 

72 

69-4 

73 

70 

67 

69 

70 

69 

69 

69 

65 

72 

72 

77 

72-1 

70 

7i 

70 

67 

65 

67 

69 

72 

77 

75 

70 

81 

721 

72 

70 

72 

67 

64 

69 

69 

68 

78 

68 

7i 

716 

64* 

68 

72 

67 

67 

68 

/ 

73 

73 

74 

74 

74 

71-2 

74 

7i 

69 

69 

73 

74 

74 

74 

73 

75 

75 

76 

74-5 

72 

72 

74 

74 

74 

75 

75 

■?6 

75 

75 

76 

76 

74-5 

76 

73 

73 

73 

73 

75 

76 

6, 

76 

77 

77 

76 

75-° 

72 

72 

74 

74 

76 

76 

76 

76  , 

78 

77 

78 

78 

75-9 

80 

83* 

88* 

76 

74 

76 

75 

7i 

0 

72 

72 

74 

76-9 

70 

7i 

67 

69 

67 

69 

74 

73 

l 

75 

75 

75 

74-0 

66 

65 

64 

65 

68 

72 

7i 

64 

7i 

72 

72 

72 

711 

74 

75 

68 

69 

7i 

73 

74 

75 

74 

74 

74 

76 

73'5 

7i 

70 

7i 

72 

74 

75 

76 

76 

74 

7 5 

75 

74 

73-8 

76 

72 

70 

70 

72 

75 

75 

76 

75 

75 

74 

74 

74'4 

75 

75 

75 

75 

74 

76 

77 

77 

78 

78 

77 

77 

74'4 

80 

78 

78 

74 

77 

79 

80 

80 

76 

74 

75 

77 

77 -3 

72 

7i 

7i 

7i 

72 

74 

74 

75 

76 

75 

76 

76 

75-0 

74 

72 

69 

69 

68 

7i 

73 

72 

74 

74 

74 

75 

73’9 

75 

73 

73 

79 

74 

75 

76 

74 

72 

70 

72 

74 

747 

76 

73 

74 

72 

73 

79 

78 

78 

77 

76 

77 

76 

75'2 

78 

78 

75 

. 73 

74 

75 

74 

75 

74 

74 

75 

75 

75-5 

78 

76 

73 

76 

74 

77 

76 

76 

76 

76 

76 

77 

76-8 

77 

79 

79 

80* 

79 

76 

76 

77 

77 

76 

75 

75 

75-6 

57* 

56* 

58* 

54* 

58* 

68 

70 

63* 

58* 

53* 

65 

77 

67-2 

68 

55* 

60* 

63 

60* 

62* 

58* 

63* 

68 

64* 

80 

76 

677 

7i 

7i 

70 

68 

69 

64 

65 

70 

70 

80 

72 

74 

70-2 

73 

66 

73 

75 

7i 

67 

64 

64 

73 

69 

69 

76 

705 

731 

71-3 

7o-5 

69-5 

69-3 

0 

do 

71-6 

707 

71-4 

72-0 

72-8 

74‘9 

72-86 

74-0 

72-0 

71-2 

70-6 

7i-3 

72-0 

73-0 

72-9 

73'2 

74-2 

73*3 

75-5 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  'photographic  traces  of  the  bifilar 

'Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  =0-000109  in  parts  of  H.  All 

SEPTEMBER,  1887. 

[For  the  explanation  of  these  tables  see  pp.  53,  54.] 

i 


Day. 

lb 

2h 

3h 

4h 

5h 

6b 

7n 

8b 

9h 

IOb 

nh  Noon. 

1 

73 

74 

77 

76 

73 

72 

69 

68 

7i 

67 

68 

7i 

2 

7i 

7i 

72 

73 

69 

71 

69 

65 

60 

64 

64 

62 

3 

74 

72 

74 

73 

72 

70 

68 

66 

68 

70 

72 

70 

4 

72 

7i 

7i 

72 

7i 

71 

69 

67 

67 

67 

67 

67 

5 

7i 

72 

73 

73 

73 

72 

70 

67 

68 

7i 

74 

75 

6 

7i 

72 

73 

73 

72 

72 

69 

68 

66 

69 

72 

72 

7 

72 

73 

73 

74 

74 

74 

73 

72 

70 

72 

7i 

72 

8 

74 

75 

75 

75 

75 

74 

72 

73 

75 

75 

75 

74 

9 

77 

77 

76 

75 

74 

75 

73 

7i 

72 

74 

75 

75 

10 

78 

7i 

79 

80 

73 

80 

77 

76 

74 

7i 

70 

69 

11 

73 

74 

72 

7* 

76 

72 

. 74 

7i 

70 

70 

70 

7i 

12 

72 

74 

74 

73 

74 

72 

7i 

70 

69 

72 

73 

73 

13 

73 

74 

74 

74 

72 

7i 

68 

68 

66 

68 

68 

64 

14 

74 

75 

76 

77 

77 

75 

74 

7i 

74 

76 

76 

70 

15 

69 

70 

7i 

7i 

73 

72 

7i 

65 

62 

68 

70 

7i 

16 

70 

69 

70 

74 

72 

72 

66 

65 

65 

68 

66 

7i 

17 

76 

69 

70 

7i 

72 

72 

69 

66 

66 

68 

70 

69 

18 

72 

70 

7i 

72 

73 

73 

7i 

70 

69 

69 

68 

68 

19 

76 

75 

75 

74 

74 

74 

72 

72 

74 

73 

72 

69 

20 

74 

74 

74 

74 

74 

74 

7i 

69 

69 

70 

7i 

7i 

21 

74 

73 

83* 

79 

79 

78 

75 

7i 

76 

68 

69 

72 

22 

68 

69 

70 

70 

70 

70 

70 

67 

68 

69 

69 

69 

23 

74 

74 

74 

73 

73 

74 

76 

76 

73 

68 

66 

68 

24 

65 

68 

70 

70 

72 

72 

67 

70 

67. 

7i 

7i 

72 

25 

75 

76 

77 

75 

79 

79 

76 

74 

64 

67 

58* 

57* 

26 

60* 

57* 

62* 

70 

66 

64 

62 

59* 

60 

63 

64 

63 

27 

64 

61* 

68 

66 

73 

65 

62 

62 

65 

68 

63 

54* 

28 

65 

61* 

63* 

68 

66 

65 

63 

65 

65 

65 

62 

65 

29 

72 

77 

64 

70 

68 

69 

75 

68 

65 

64 

63 

68 

30 

74 

74 

68 

67 

67 

68 

66 

66 

61 

60 

62 

68 

Monthly) 
mean  $ 

71-8 

71-4 

72*3 

72-9 

72-5 

72-1 

70-3 

68-6 

68-o 

68*8 

68-6 

68-7 

Normal 

72*2 

727 

726 

72*9 

72'5 

72-1 

70-3 

689 

68*o 

68-8 

69*0 

69-6 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

SEPTEMBER,  1887. 


I3h 

I4h 

i5h 

i6h 

1711 

1811 

1911 

20h 

2Ih 

22b 

2311 

Mid- 

night. 

Daily 

mean. 

70 

61 

62 

65 

65 

68 

71 

65 

73 

70 

70 

79 

69’9rt 

6S 

64 

68 

68 

66 

68 

64 

67 

76 

68 

70 

70 

677 

68 

69 

69 

68 

67 

64 

66 

70 

68 

72 

66 

69 

69-4 

68 

69 

7i 

73 

72 

70 

68 

69 

70 

7i 

70 

7i 

698 

75 

73 

70 

7i 

7i 

72 

72 

70 

70 

70 

69 

73 

71-4 

72 

7i 

7i 

72 

72 

72 

72 

72 

'72 

72 

72 

72 

71'3 

73 

73 

74 

74 

74 

75 

74 

73 

74 

* 73 

73 

72 

73*o 

73 

75 

78 

78 

77 

75  . 

75 

75 

75 

76 

76 

76 

75*0 

76 

76 

73 

76 

78 

77 

77 

78 

82* 

65 

72 

73 

74*9 

74 

7i 

74 

72 

68 

69 

7i 

73 

73 

72 

73 

73 

73*4 

67 

59* 

53* 

62 

68 

72 

70 

7i 

70 

69 

73 

7i 

69-9 

72 

72 

70 

72 

7i 

72 

72 

72 

72 

73 

76 

76 

72-4 

65 

67 

7i 

73 

74 

75 

75 

76 

75 

74 

75 

75 

71-4 

7i 

69 

72 

76 

76 

73 

76 

73 

73 

68 

68 

70 

73*3 

68 

7i 

7i 

69 

61* 

59* 

63 

61* 

62 

67 

7i 

70 

67-8 

73 

72 

74 

74 

73 

72 

68 

68 

72 

7i 

70 

75 

70-4 

72 

76 

76 

74 

72 

72 

70 

7i 

70 

70 

70 

70 

70-9 

68 

70 

70 

70 

7i 

72 

74 

72 

73 

74 

74 

75 

712 

66 

66 

67 

69 

70 

7i 

72 

■ 72 

7i 

72 

73 

73 

71-8 

72 

73 

73 

73 

74 

74 

74 

72 

72 

73 

7i 

7i 

72-4 

7i 

70 

72 

74 

75 

76 

74 

73 

62 

60* 

69 

64 

. 72-4 

69 

69 

70 

70 

7i 

72 

72 

7i 

7i 

7i 

7i 

72 

69-9 

66 

66 

62 

60* 

70 

70 

7i 

70 

69 

68 

62 

58* 

69-2 

72 

72 

7i 

7i 

74 

73 

73 

74 

74 

73 

72 

74 

71-2 

54* 

47* 

37* 

30* 

13* 

15* 

48* 

24* 

62 

5i* 

42* 

56* 

557 

62 

59* 

52* 

5i* 

54* 

56* 

62 

54* 

59* 

62 

64 

60* 

60*2 

52* 

47* 

46* 

56* 

54* 

56* 

59* 

70 

60* 

65 

68 

606 

64 

66 

64 

62 

67 

69 

68 

67 

66 

75 

68 

68 

65*7 

67 

65 

65 

64 

63 

67 

65 

69 

65 

62 

69 

70 

67-2 

69 

68 

69 

65 

63 

63 

69 

68 

67 

69 

68 

68 

67-0 

68-4 

6 77 

67-4 

67;4 

67-5 

67-9 

69-4 

68-3 

70-3 

. 69-0 

69-4 

70-3 

69*54 

69*6 

69-8 

70*3 

70-6 

70-8 

7i-3 

70*6 

71-2 

70-3 

70-4 

70-3 

717 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  biftlar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0-000109  in  parts  of  H.  All 

OCTOBER,  1887. 

[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

lb 

2h 

3h 

4h 

5h 

6h 

7h 

8U 

9h 

IOh 

1 ih  Noon. 

! 

71 

71 

70 

69 

70 

69 

69 

64 

62 

65 

[66] 

[67] 

2 

68 

67 

68 

68 

70 

7i 

72 

68 

63 

60 

65 

66 

3 

70 

70 

70 

72 

70 

72 

74 

73 

70 

66 

64 

65 

4 

72 

72 

72 

73 

73 

72 

73 

70 

66 

64 

66 

69 

5 

70 

72 

73 

76 

74 

75 

76 

74 

70 

67t 

69 

73 

6 

73 

73 

74 

74 

74 

73 

72 

70 

69 

70 

72 

73 

7 

*68 

70 

70 

7i 

7i 

7i 

7i 

72 

68 

68 

73 

75 

8 

73 

74 

73 

73 

74 

74 

72 

72 

69 

68 

68 

67 

9 

72 

72 

72 

74 

74 

73 

73 

72 

67 

68 

7i 

70 

10 

72 

73 

74 

75 

75 

72 

74 

72 

67 

67 

69 

67 

1 1 

7° 

7i 

7i 

7i 

7i 

70 

68 

65 

63 

63 

69 

72 

12 

66 

64 

67 

7i 

72 

67 

65 

64 

62 

60 

63 

62 

*3 

68 

68 

7i 

69 

7i 

7i 

70 

67 

62 

65 

64 

69 

14 

66 

66 

68 

70 

69 

69 

68 

67 

65 

66 

69 

69 

15 

68 

69 

7i 

70 

70 

70 

69 

68 

67 

67 

69 

7i 

16 

7i 

72 

70 

74 

73 

72 

72 

70 

68 

68 

70 

72 

17 

7i 

75 

72 

72 

72 

72 

73 

7i 

70 

70 

7i 

72 

18 

7i 

72 

73 

73 

73 

73 

72 

70 

68 

70 

70 

68 

19 

73 

72 

72 

72 

74  ^ 

72 

72 

72 

69 

68 

67 

67 

20 

7i 

7i 

72 

72 

72 

7i 

70 

69 

68 

69 

69 

68 

21 

7i 

7i 

72 

72 

72 

72 

72 

7i 

69 

68 

70 

69 

22 

69 

67 

67 

69 

67 

74 

77 

82* 

77* 

64 

64 

62 

23 

63 

72 

70 

69 

7i 

65 

65 

68 

65 

57 

59 

60 

24 

65 

66 

66 

66 

66 

65 

67 

70 

69 

69 

68 

67 

25 

69 

68 

69 

70 

70 

69 

66 

67 

67 

67 

66 

64 

26' 

69 

7i 

77 

7i 

66 

80* 

69 

60 

55* 

52* 

61 

61 

27 

69 

69 

67 

64 

68 

66 

63 

63 

62 

59 

61 

61 

28 

65 

65 

65 

66 

66 

66 

64 

64 

64 

62 

61 

62 

29 

66 

66 

66 

66 

67 

67 

67 

66 

66 

64 

62 

62 

30 

58* 

63 

66 

65 

69 

70 

7i 

64 

65 

63 

64 

62 

3i 

64 

66 

65 

65 

64 

63 

62 

60 

57* 

57 

58 

61 

Monthly^ 
mean  ^ 
Normal 

68-8 

69-6 

70-1 

70-4 

70-6 

70-5 

69-9 

68-5 

66*1 

64-9 

66*4 

66-9 

69-1 

69*6 

70-1 

70-4 

70-6 

70-2 

69-9 

68-i 

66-4 

65-3 

66-4 

66-9 

tEye  reading. 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

OCTOBER,  1887. 


I3h 

1411 

i5h 

i6h 

i7h 

i8h 

1911 

2011 

2Ih 

22h 

2311 

Mid- 

night. 

Daily 

mean. 

[67] 

T6S1 

[68] 

[69] 

[69] 

68 

7i 

68 

66 

70 

67 

67 

[67-9]d 

b7 

68 

67 

69 

69 

70 

70 

70 

7i 

7i 

7i 

71 

68-3 

66 

68 

70 

7i 

70 

7i 

7i 

7i 

7i 

7i 

70 

71 

699 

70 

72 

73 

73 

74 

74 

74 

74 

74 

74 

73 

7i 

716 

75 

74 

73 

72 

73 

7i 

72 

72 

72 

72 

73 

74 

72-6 

72 

69 

7i 

70 

70 

65 

60 

61 

65 

68 

67 

66 

69-6 

73 

75 

69 

7i 

70 

72 

72 

70 

73 

7i 

72 

73 

712 

69 

7i 

70 

70 

70 

72 

72 

72 

72 

72 

72 

72 

71-3 

72 

7i 

70 

7i 

72 

73 

73 

73 

72 

72 

72 

70 

71-6 

69 

7i 

70 

70 

69 

7i 

66 

63 

67 

69 

70 

7i 

70-1 

7i 

69 

69 

70 

7i 

73 

74 

74 

7i 

63 

63 

67 

69-1 

63 

61 

66 

69 

69 

69 

62 

63 

62 

65 

64 

73 

65-4 

69 

63 

65 

68 

67 

63 

59* 

67 

63 

66 

65 

67 

66*5 

67 

64 

65 

67 

64 

67 

67 

69 

68 

68 

68 

68 

67-3 

70 

69 

70 

69 

69 

7i 

70 

7i 

72 

72 

7i 

70 

697 

74 

73 

7i 

70 

72 

70 

75 

73 

75 

70 

72 

77 

71-8 

72 

72 

68 

67 

68 

68 

68 

66 

69 

69 

69 

7i 

70-3 

68 

70 

72 

7i 

7i 

72 

72 

70 

70 

72 

72 

7i 

71-0 

69 

72 

73 

72 

72 

72 

72 

7i 

7i 

7i 

70 

70 

71-0 

69 

69 

70 

7i 

72 

70 

70 

70 

7i 

7i 

7i 

70 

70-2 

70 

72 

73 

75 

77 

76 

76 

70 

69 

63 

63 

66 

70-8 

62 

69 

62 

77 

67 

6 7 

69 

64 

6 7 

66 

66 

64 

68-3 

56* 

59 

60 

60 

58* 

59* 

60 

67 

63 

65 

66 

63 

63-3 

67 

66 

65 

66 

68 

68 

70 

70 

69 

68 

68 

68 

67-4 

66 

69 

69 

7i 

7i 

72 

7i 

70 

7i 

70 

69 

68 

687 

60 

59 

5i* 

54* 

56* 

58* 

56* 

59* 

60 

63 

61 

66 

62-3 

60 

58* 

58* 

60 

60* 

62 

61 

65 

63 

62 

65 

65 

63-0 

62 

62 

63  . 

64 

64 

65 

65 

64 

64 

64 

65 

65 

640 

65 

66 

68 

69 

68 

-66 

66 

66 

68 

69 

66 

66 

66-2 

63 

63 

60 

62 

66 

66 

65 

65 

65 

64 

64 

64 

64-5 

62 

62 

64. 

64 

65 

65 

64 

65 

66 

65 

65 

65 

63-1 

67-3 

67*5 

67-2 

68-4 

68-4 

68-6 

68-2 

68-2 

68-4 

68-3 

68-i 

687 

6.8-33 

67-6 

67-9 

68-1 

68-9 

69-5 

69-3 

68-9 

68-5 

68’4 

68-3 

68-i 

687 

236 


U.  S.  COAST  AND  GEODETIC  SURVEY 


DIFFERENTIAL  MEASURES — 

Hourly  readings  from  the  photographic  traces  of  the  biftlar 

[Local mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0-000109  in  parts  of  H.  All 

NOVEMBER,  1887. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

I* 

2h 

3h 

4h 

5 11 

6b 

7h 

8V 

9h 

IOh 

nb 

Noon. 

1 

65 

66 

66 

67 

67 

68 

68 

65 

64 

63 

63 

67 

2 

66 

67 

68  1 

68 

68 

68 

66 

63 

63 

64 

68 

68 

3 

65 

64 

67 

68 

68 

64 

74 

72 

69 

65 

62 

60 

4 

65 

66 

66 

67 

67 

67 

67 

66 

66 

68 

65 

65 

5 

68 

67 

67 

68 

67 

67 

68. 

67 

67 

65 

66 

65 

6 

68 

69 

69 

70 

70 

7i 

7i 

72 

7i 

69 

67 

65 

7 

7i 

69 

69 

6.9 

7i 

70 

69 

69 

70 

70 

70 

70 

8 

70 

70 

7i 

73 

7i 

72 

69 

64 

58 

63 

63 

63 

9 

65 

75 

64 

67 

68 

70 

69 

69 

64 

67 

63 

60 

10 

64 

74 

68 

69 

68 

7i 

73 

69 

70 

64 

60 

59. 

11 

68 

68 

65 

66 

66 

67 

68 

69 

68 

65 

63 

66 

12. 

66 

67 

66 

66 

66 

68 

68 

69 

67 

64 

63 

64 

13 

69 

68 

68 

69 

70 

70 

7i 

69 

67 

64 

63 

64 

H 

7i 

66 

66 

67 

68 

68 

67 

66 

64 

65 

66 

66 

15 

68 

68 

68 

69 

69 

68 

68 

67 

65 

61 

60 

61 

16 

66 

67 

68 

69 

68 

68 

68 

68 

68 

68 

67 

67 

17 

69 

69 

70 

72 

74 

74 

74 

76 

72 

70 

66 

66 

18 

64 

64 

65 

65 

66 

68 

68 

68 

70 

70 

' 68 

68 

19 

70 

64 

66 

69 

70 

70 

72 

70 

70 

66 

66 

65 

20 

60 

60 

66 

66 

65 

67 

'66 

63 

65 

60 

6o 

59 

21 

64 

83* 

59 

57* 

63 

62 

66 

65 

54* 

50* 

44* 

42* 

22 

57 

60 

62 

58* 

62 

62 

. 63 

63 

62 

59 

59 

63 

23 

59 

60 

62 

63 

63 

63 

64 

63 

64 

65 

63 

60 

24 

66 

64 

64 

65 

65 

66 

65 

65 

66 

66 

.64 

64 

25 

63 

66 

65 

64 

65 

65 

66 

66 

63 

62 

61 

65 

26 

64 

65 

66 

66 

66 

66 

66 

66 

66 

65 

65 

68 

27 

68 

68 

68 

69 

68 

67 

67 

69 

70 

68 

66 

68 

28 

66 

66 

65 

67 

68 

68 

69 

70 

69 

69 

65 

66 

29 

65 

68 

69 

68 

66 

64 

67 

62 

65 

66 

62 

64 

30 

65 

66 

69 

63 

65 

66 

67 

66 

67 

64 

60 

64 

Monthly? 
mean  $ 

658 

67*1 

66*4 

'66-8 

67  ‘3 

67*5 

68-1 

67-2 

66-i 

64-8 

633 

637 

Normal 

65-8 

66-6 

66*4 

675 

67*3 

67-5 

68-i 

67-2 

66-6 

653 

63-9 

64-5 

REPORT  FOR  1891 PART  II. 


237 


HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  A ngeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

NOVEMBER,  1887. 


I3h 

I4h 

i5h 

l6h 

i7h 

1811 

I9h 

20h 

2Ih 

22h 

23 11 

Mid- 

night. 

Daily 

mean. 

66 

64 

65 

65 

66 

66 

64 

63 

62* 

64 

63 

65 

65^ 

66 

68 

68 

67 

66 

66 

66 

66 

67 

69 

73 

65 

66-8 

62 

63 

62 

63 

66 

66 

65 

64 

64 

64 

65 

65  . 

653 

63 

62 

65 

66 

67 

66 

69 

68 

68 

66 

66 

66 

66-i 

65 

65 

66 

68 

58 

68 

68 

68 

68 

69 

68 

67 

671 

67 

68 

69 

70 

70 

69 

69 

69 

69 

68 

67 

68 

69-0 

70 

70 

7i 

7i 

72 

7i 

7i 

70 

70 

7i 

70 

70 

70-2 

66 

67 

59 

57 

66 

65 

66 

65 

63 

67 

65 

66 

65-8 

65 

66 

67 

64 

60 

66 

66 

64 

63 

64 

64 

64 

65-6 

59 

62 

63 

65 

66 

65 

65 

66 

65 

66 

65 

67 

66-o 

7i 

70 

73 

65 

66 

67 

6 7 

67 

66 

66 

65 

66 

670 

65 

65 

65 

66 

68 

68 

70 

68 

66 

65 

66 

6 7 

66-4 

66 

66 

6 7 

68 

68 

67 

65 

67 

67 

68 

68 

66' 

677 

65 

68 

69 

69 

69 

70 

70 

69 

68 

66 

67 

67 

67-4 

62 

66 

67 

70 

70 

70 

69 

69 

68 

68 

68 

67 

669 

69 

7i 

69 

69 

70 

70 

70 

70 

69 

69 

68 

69 

68-5 

60 

60 

62 

63 

58 

59 

61 

62 

59 

57 

58 

60 

65-5 

67 

65 

68 

68 

70 

70 

66 

62 

64 

64 

66 

65 

66-6 

65 

66 

68 

66 

66 

60 

54* 

55* 

5i* 

52* 

59 

57 

64-0 

62 

57 

60 

60 

61 

59 

65 

64 

65 

66 

63 

66 

627 

48* 

44* 

53* 

49* 

49* 

55* 

56* 

57 

55* 

55* 

59 

66 

56-5 

56 

57 

57 

55*. 

60 

59 

64 

56* 

58 

67 

62 

55* 

59'8 

58 

58 

59 

61 

61 

61 

62 

63 

63 

63 

62 

61 

617 

63 

63 

63 

64 

65 

65 

64 

64 

64 

64 

64 

64 

64-5 

64 

63 

63 

64 

64 

65 

64 

65 

64 

6.3 

62 

63 

64-0 

69 

68 

68 

67 

67 

68 

67 

66 

65 

64 

66 

67 

66-3 

68 

70 

7i 

7 1 

69 

67 

67 

68 

67 

64 

64 

63 

677 

69 

70 

70 

69 

68 

64 

67 

66 

69 

63 

62 

60 

66-9 

62 

62 

63 

66 

64 

66 

64 

66 

63 

63 

61 

65 

646 

63 

61 

64 

66 

65 

64 

65 

64 

63 

63 

63 

63 

64-4 

64-0 

64-2 

651 

65-1 

65-5 

65-4 

65-5 

65 -o 

64-4 

64-6 

64-6 

647 

65-52 

64-6 

64-9 

65-5 

66-o 

66-i 

65-8 

66 -3 

657 

65-3 

65M 

64-6 

65-0 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hijilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0- 000 109  in  parts  of  H.  All 

DECEMBER,  1887. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

ih 

2h 

3h 

411 

5h 

6fa 

7h 

8h 

9h 

iol1 

1 ih 

Noon. 

1 

64 

63 

64 

64 

64 

66 

65 

65 

65 

62 

59 

59 

2 

66 

65 

66 

65 

67 

66 

67 

67 

65 

63 

62 

63 

3 

65 

b5 

65 

66 

66 

66 

67 

68 

67 

65 

62 

62 

4 

66 

67 

66 

68 

68 

67 

68 

68 

68 

67 

64 

63 

5 

66 

68 

67 

67 

69 

69 

70 

70 

70 

68 

65 

64 

6 

67 

66 

70 

69 

7i 

72 

70 

69 

65 

61 

64 

56 

7 

65 

66 

66 

69 

67 

68 

64 

68 

67 

61 

65 

63 

8 

64 

65 

66 

65 

66 

68 

68 

69 

69 

66 

64 

62 

9 

66 

66 

67 

67 

68 

70 

70 

72 

72 

70 

67 

65 

10 

66 

69 

67 

68 

69 

70 

7i 

72  , 

72 

70 

66 

64 

1 1 

69 

,68 

69 

69 

70 

70 

70 

70 

69 

C5 

65 

65 

12 

68 

69 

69 

68 

69 

70 

70 

7i 

70 

70 

69 

68 

13 

64 

66 

66 

6 7 

68 

69 

70 

69 

70 

68 

67 

64 

14 

60 

60 

60 

62 

62 

64 

64 

65 

64 

63 

61 

59 

15 

64 

65 

65 

64 

66 

65  . 

65 

65 

65 

65 

64 

63 

16 

66 

63 

63 

60 

64 

63 

61 

62 

65 

65 

57 

54 

17 

57 

58 

60 

69 

69 

69 

61 

64 

58 

58 

62 

56 

18 

58 

57 

61 

61 

62 

58 

56* 

60 

60 

63 

59 

59 

19 

61 

62 

61 

66 

61 

66 

65 

63 

64 

61 

60 

58 

20 

63 

62 

63 

62 

63 

"65 

72 

64 

62 

61 

60 

53 

21 

63 

62 

65 

63 

61 

61 

69 

59 

67 

54* 

49* 

50* 

22 

48* 

56 

54* 

58 

57 

57 

57* 

58  - 

56* 

57 

54 

52 

23 

58 

58 

59 

59 

60 

61 

61 

60 

62 

60 

57 

56 

24 

62 

63 

63 

63 

64 

64 

65 

65 

65 

65 

61 

57 

25 

61 

63 

61 

61 

62 

64 

66 

65 

66 

64 

61 

60 

26 

59 

60 

61 

61 

62 

62 

66 

67 

64 

61 

60 

52 

27 

61 

59 

61 

62 

64 

63 

62 

65 

62 

62 

58 

56 

28 

64 

66 

62 

62 

64 

66 

67 

69 

68 

68 

66 

63 

29 

62 

62 

62 

63 

64 

64 

65 

66 

63 

63 

60 

58  . 

30 

65 

64 

65 

63 

64 

65 

66 

67 

62 

60 

60 

58 

3i 

62 

63 

64 

64 

63 

63 

64 

63 

63 

62 

59 

60 

Monthly  £ 
mean  $ 

62  9 

63-4 

638 

64-4 

65  0 

•65-5 

659 

66-o 

65’3 

63-5 

6i*5 

59'4 

Normal 

634 

63-4 

64-1 

64-4 

65  0 

65-5 

665 

66-o 

65-6 

63-8 

619 

597 
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HORIZONTAL  INTENSITY— Continued.  . 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

DECEMBER,  1887. 


i3h 

1411 

i5h 

1 6“ 

i7h 

18b 

I9h 

20h 

2Ih 

22h 

23b 

Mid- 

night. 

Daily 

mean. 

61 

61 

64 

66 

68 

66 

67 

66 

66 

66 

66 

67 

64‘3d 

63 

63 

65 

68 

68 

67 

66 

66 

64 

64 

65 

66 

653 

64 

64 

69 

69 

68 

68 

66 

66 

66 

66 

66 

66 

659 

62 

64 

66 

68 

68 

69 

68 

67 

66 

66 

67 

67 

66-6 

64 

67 

70 

70 

70 

7 1 

70 

66 

68 

69 

67 

66 

680 

58 

60 

60 

64 

64 

65 

63 

64 

60 

59 

62 

64 

64-3 

61 

57 

61 

63 

66 

66  * 

62 

65 

64 

64 

62 

63 

64-3 

63 

61 

62 

63 

64 

66 

68 

68 

67 

67 

64 

66 

65-4 

63 

62 

63 

64 

66 

67 

66 

65 

65 

64 

65 

66 

66-5 

65 

6S 

65 

66 

68 

69 

69 

68 

67 

70 

68 

68 

68-o 

64 

63 

64 

66 

68 

69 

69 

68 

69 

69 

68 

68 

677 

66 

66 

67 

7 1 

73 

7i 

64 

7i 

65 

66 

61 

68 

68-3 

60 

59 

59 

58 

58 

55* 

57 

58 

60 

60 

60 

64 

63-2 

59 

60 

62 

64 

65 

65 

65 

65 

64 

63 

64 

64 

627 

61 

62 

63 

64 

65 

65 

63 

63 

64 

63 

63 

62 

639 

52 

55 

52* 

54* 

54* 

55* 

55 

55 

53 

47* 

54 

55 

577 

54 

50* 

60 

62 

59 

54* 

54 

5i* 

53 

52* 

55 

57 

58-4 

56 

56 

52* 

55 

53* 

58 

57 

59 

60 

56 

56 

66 

58 '3 

58 

57 

58 

60 

62 

63 

62 

61 

63 

62 

61 

66 

617 

55 

59 

60 

61 

61 

62 

61 

58 

56 

65 

59 

66 

61-4 

48* 

48* 

45* 

49* 

47* 

45* 

44* 

37* 

43* 

48* 

52* 

49* 

537 

52 

54 

55 

58 

60 

59 

59 

59 

58 

58 

58 

58 

56-3 

56 

58 

61 

62 

63 

63 

62 

60 

60 

60 

60 

62 

59*9 

56 

57 

59 

61 

63 

64 

64 

61 

63 

63 

64 

64 

62-3 

60 

60 

59 

50* 

46* 

53* 

52* 

5i* 

56 

57 

58 

56 

58-8 

55 

61 

64 

62 

62 

58 

58 

57 

59 

60 

58 

57 

60-3 

56 

57 

60 

58 

49* 

60 

60 

60 

60 

65 

61 

59 

6o-o 

60 

57 

60 

62 

60 

57 

56 

54 

55 

62 

67 

61 

62-3 

58 

58 

61 

63 

65 

65 

61 

62 

64 

65 

63 

63 

62-5 

56 

62 

63 

65 

66 

66 

63 

61 

60 

60 

63 

61 

627 

60 

59 

H 

65 

63 

65 

65 

64 

.64 

63 

63 

64 

62-9 

58-9 

59'4 

6ri 

62-3 

62-3 

62-8 

6i-8 

61-2 

614 

61-9 

619 

62-9 

62-68 

59*3 

601 

62-3 

63-5 

64-8 

64-8 

62-8 

62-8 

62-0 

63-3 

62-3 

63-3 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of*  the  bifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0- 000100  in  parts  of  H.  All 

JANUARY,  1 888. 

[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

Ih 

2h 

3h 

4h 

5h 

6h 

7h 

8l1 

9h 

IOh 

uh 

Noon. 

i 

63 

64 

65 

66 

66 

63 

65 

64 

64 

61 

58 

59 

2 

64 

64 

67 

66 

66 

67 

67 

68 

66 

62 

57 

55 

3 

66 

68 

67 

67 

67 

66 

67 

67 

64 

61 

57 

58 

4 

68 

67 

67. 

68 

66 

66 

66 

67 

65 

62 

58 

58 

5 

67 

67 

68 

68 

68 

68 

68 

69 

68 

67 

63 

62 

6 

65 

62 

64 

68 

68 

68 

67 

65 

65 

62 

60 

56 

7 

63 

64 

64 

65 

66 

66 

♦ 66 

67 

73* 

71* 

69* 

68* 

8 

42* 

46* 

58 

65 

59 

64 

54* 

52* 

58 

54 

49 

45* 

9 

55 

56 

56 

58 

58 

57 

58 

59 

58  . 

57 

54 

5i 

IO 

59 

59 

59 

59 

60 

62 

62 

62 

61 

59 

54 

50 

ii 

57 

57 

58 

60 

59 

60 

62 

64 

64 

62 

54 

52 

12 

55 

57 

59  ■ 

60 

59 

62 

64  . 

64 

64 

63 

60 

58 

13 

47* 

42* 

48* 

5i* 

57 

57 

66 

72 

67 

62 

45* 

43* 

14 

53 

54 

55 

54 

58 

58 

60 

59 

58 

55 

38* 

48 

15 

59 

54 

55 

56 

57 

57 

58. 

58 

59 

57 

52 

50. 

16 

55 

57  * 

60 

59 

58 

59 

60 

60 

60 

56 

5o 

50 

*7 

54 

56 

57 

59 

60 

58 

60 

6x 

60 

56 

5i 

49 

18 

58 

59 

63 

61 

64 

61 

60 

61 

59 

52 

48 

49 

19 

60 

59 

58 

59 

60 

61 

61 

63 

62 

58 

57 

58 

20 

61 

61 

61 

62 

63 

63 

63 

64 

62 

57 

54 

58 

21 

62 

62 

63 

64 

64 

65 

66 

63 

64 

58 

54 

55 

22 

61 

59 

64 

62 

60 

64 

66 

67 

62 

60 

57 

59 

23 

61 

54 

55 

60 

59 

76* 

7i 

56 

5i* 

5i 

45* 

54 

24 

56 

56 

55 

60 

62 

60 

61 

63 

62 

57 

58 

62 

25 

59 

60 

61 

64 

65 

61 

62 

60 

58 

56 

54 

53 

26 

57 

59 

61 

60 

62 

62 

64 

66 

66 

64 

60 

57 

27 

60 

61 

61 

62 

62 

66 

65 

65 

56 

61 

54 

61 

28 

63 

60 

60 

60 

62 

63 

65 

67 

67 

67 

67* 

66* 

29 

61 

62 

62 

64 

64 

64 

65 

68' 

68 

65 

64 

64 

30 

62 

62 

64 

65 

64 

65 

65 

66 

66 

64 

65 

67* 

3i 

65 

65 

65 

66 

66 

67 

67 

67 

66 

63 

• 

60 

62 

Monthly? 
mean  $ 

59*3 

59'1 

606 

61  9 

62*2 

63-1 

63-6 

637 

627 

600 

557- 

56-0 

Normal 

60*3 

602 

6ri 

62-2 

62-2 

627 

63-9 

64-1 

62-8 

59-6 

56-2 

557 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

JANUARY,  1888. 


1 3h 

i4h 

*5h 

16* 

I7h 

18* 

1911 

20h 

2Ih 

22h 

23h 

Mid- 

night. 

Daily 

mean. 

58 

62 

65 

66 

65 

64 

63 

63* 

65 

64 

65 

65 

63-5d 

56 

60 

62 

64 

65 

65 

66 

66 

63 

64 

65 

65 

63-8 

61 

64 

66 

66 

65 

64 

64 

64 

62 

66 

65 

66 

64*5 

58 

60 

65 

68 

69 

68 

68 

67 

67 

66 

65 

66 

65-2 

63 

66 

67 

67 

68 

69 

69 

65 

63 

65 

64 

65 

66-4 

55 

56 

59 

62 

64 

64 

64 

63 

64 

64 

64 

64 

630 

67* 

63 

66 

63 

52 

5i* 

52 

5i* 

50* 

48* 

45* 

46* 

60  7 

45* 

49* 

5i* 

56 

55 

57 

57 

56 

57  . 

56 

56 

56 

540 

5i 

53 

55 

57 

58 

59 

59 

58 

58 

58 

58 

60 

56-8 

48 

50 

55 

64 

61 

61 

61 

60 

58 

58 

58 

58 

58-2 

55 

57 

58 

60 

62 

62 

61 

60 

61 

60 

59 

54 

59’i 

62 

65 

67 

72* 

70* 

67 

64 

64 

64 

64 

62 

54 

62-5 

49 

49* 

46* 

49* 

48* 

48* 

54 

52 

50* 

53 

54 

54 

52-6 

50 

5i 

55 

56 

56 

57 

54 

48* 

49* 

50* 

53 

59 

53*7 

52 

56 

58 

60 

58 

58 

58 

56 

54 

56 

60 

54 

56-3 

54 

59 

61 

62 

63 

62 

62 

59 

51* 

49* 

47* 

55 

57-o 

48 

5i 

55 

57 

58 

58 

57 

56 

56 

54 

56 

57 

56-0 

50 

54 

57 

58 

59 

59 

59 

59 

59 

60 

60 

58 

57-8 

59 

58 

59 

60 

59 

60 

60 

60 

60 

60 

60 

60 

59*6 

61 

62 

64 

64 

62 

62 

61 

62 

62 

62 

63 

61 

6i*5 

57 

52 

58 

60 

60 

58 

54 

61 

61 

60 

59 

60 

6o-o 

62 

63 

63 

61 

62 

62 

64 

60 

58 

60 

58 

54 

61-2 

53 

54 

56 

42* 

39* 

55 

54 

59 

53 

53 

55 

61 

55'3 

49 

57 

58 

59 

60 

59 

56 

61 

58 

61 

62 

57 

587 

60 

62 

58 

56 

59 

60 

59 

62 

60 

58 

64 

58 

595 

62 

58 

58 

57 

57 

58 

62 

58 

58 

57 

60 

59 

6o-i 

62 

58 

56 

56 

56 

54 

60 

61 

56 

61 

58 

59 

59-6 

66* 

63 

61 

56 

56 

58 

61 

61 

62 

63 

61 

59 

62-2 

66* 

64 

63 

63 

63 

63 

64 

63 

65 

63 

61 

61 

63-8 

70* 

69* 

69 

67 

65 

66 

66 

66 

65 

65 

66 

65 

65-6 

64 

65 

65 

66 

64 

62 

64 

64 

64 

64 

64 

65 

64  6 

57*2 

58-4 

59'9 

605 

59*9 

60-3 

60-5 

60-2 

59’i 

59'4 

59-6 

59-2 

60-09 

56-1 

58-7 

607 

6i-i 

607 

61*1 

60-5 

60-9 

60-5 

60-5 

60-5 

59-6 

H.  Ex.  43;  pt.  2—16 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  divisions  pins  tabular  quantity,  one  division  = O' 000109  in  parts  of  H.  All 

FEBRUARY,  1888. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

I* 

2h 

3h 

4h 

5h 

6h 

7h 

8h 

9h 

IOh 

nh  Noon. 

! 

65 

65 

66 

65 

65 

65 

65 

65 

62 

59 

59 

62 

2 

65 

64 

64 

65 

65 

65 

64 

64 

65 

66 

66 

66 

3 

66 

66 

66 

66 

67 

68 

69 

69 

66 

61 

58 

56 

4 

64 

65 

67 

66 

66 

66 

66 

66 

65 

61 

57 

56 

5 

66 

64 

64 

65 

7i 

69 

69 

72 

70 

65 

61 

61 

6 

66 

65 

66 

67 

67 

67 

68 

69 

69 

66 

62 

61 

7 

.67 

67 

67 

66 

67 

68 

68 

70 

73 

73 

68 

66 

8 

65 

67 

67  * 

68 

68 

66 

67 

69 

7i 

7i 

70 

67 

9 

58 

62 

64 

64 

67 

67 

64 

65 

66 

67 

67 

68 

IO 

65 

64 

63 

66 

63 

68 

66 

66 

63 

61 

61 

57 

ii 

60 

64 

67 

62 

65 

66 

65 

68 

66 

66 

66 

58 

12 

61 

67 

63 

64 

66 

66 

64 

64 

68 

68 

63 

64 

13 

65 

66 

64 

64 

67 

67 

66 

68 

69 

7i 

72 

72 

14 

65 

65 

66 

67 

67 

66 

67 

66 

66 

66 

67 

67 

15 

63 

63 

64 

65 

66 

66 

66 

66 

67 

67 

68 

67 

16 

65 

67 

67 

68 

70 

68 

67 

69 

66 

67 

64 

61 

17 

62 

64 

64 

64 

65 

69 

66 

67 

67 

63 

67 

67 

18 

62 

63 

70 

74 

68 

68 

67 

67 

68 

68 

66 

65 

19 

59 

62 

64 

64 

67 

•66 

66 

68 

65 

63 

63 

60 

20 

60 

62 

68 

66 

67 

65 

64 

62 

63  ' 

60 

66 

69 

21 

60 

59 

62 

64 

67 

64 

63 

63 

64 

63 

58 

64 

22 

67 

64 

70 

68 

64 

63 

62 

57 

57 

58 

59 

64 

2 3 

63 

64 

64 

67 

65 

64 

64 

62 

61 

59 

58 

62 

24 

61 

61 

63 

64 

63 

63 

66 

63 

64 

66 

67 

67 

25 

61 

62 

61 

64 

65 

67 

64 

65 

65 

66 

67 

67 

26 

66 

63 

66 

65 

65 

65 

65 

61 

62 

62 

63 

66 

27 

65 

65 

66 

66 

67 

67 

64 

62 

62 

65 

66 

68 

28 

66 

68 

66 

69 

68 

68 

66 

63 

61 

62 

64 

64 

29 

73* 

67 

7i 

69 

68 

69 

69 

65 

63 

62 

62 

57 

Monthly  £ 
mean  $ 

63*8 

64-4 

65-5 

65*9 

66-4 

66-4 

65*8 

65-6 

653 

64-6 

640 

63*8 

Normal 

63-5 

64*4 

65-5 

65*9 

66-4 

664 

65-8 

65*6 

65-3 

64-6 

64-0 

63-8 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory . 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

FEBRUARY,  1888. 


I3h 

I4h 

I5h 

i6h 

17  h 

1 8“ 

I9h 

20h 

2Ih 

22h 

23b 

Mid- 

night. 

Daily 

mean. 

65 

68 

68 

68 

68 

66 

66 

66 

66 

66 

65 

66 

65'0d 

68 

67 

66 

68 

68 

67 

67 

67 

67 

66 

66 

66 

65-9 

57 

59 

61 

61 

63 

62 

62 

63 

63 

63 

65 

64 

63-4 

57 

56 

60 

61 

62 

61 

56 

60 

59 

66 

•56 

60 

61  -6 

60 

61 

62 

64 

66 

67 

66 

66 

66 

66 

65 

64 

65-4 

61 

61 

62 

64 

66 

67 

68 

67 

67 

67 

66 

67 

657 

69 

65 

66 

63 

68 

68 

68 

67 

67 

67 

67 

67 

67-6 

66 

65 

65 

67 

67 

67 

65 

66 

69 

52* 

65 

59 

66-2 

69 

6 7 

66 

66 

64 

62 

61 

60 

65 

64 

65 

64 

647 

60 

68 

69 

68 

67 

66 

69 

66 

64 

73 

61 

61 

64-8 

60 

64 

58 

64 

62 

64 

62 

63 

64 

61 

68 

63 

63-6 

66 

66 

66 

66 

65 

61 

62 

61 

61 

62 

65 

64 

64-3 

7i 

67 

66 

66 

65 

66 

66 

65 

65 

68 

66 

66 

67-0 

65 

66 

66 

64 

63 

63 

63 

64 

63 

63 

64 

63 

65-1 

64 

65 

68 

68 

67 

68 

66 

66 

66 

65 

65 

66 

65’9 

69 

68 

66 

60 

63 

63 

64 

62 

62 

62 

61 

62 

650 

68 

68 

65 

65 

67 

68 

67 

67 

66 

65 

7i 

65 

66-i 

64 

61 

61 

5i* 

62 

55 

57 

61 

66 

58 

63 

60 

63-5 

70 

65 

58 

5 2* 

54* 

62 

61 

63 

61 

61 

59 

63 

62-3 

68 

62 

61 

62 

61 

64 

61 

63 

61 

61 

60 

65 

63-4 

67 

66 

62 

64 

60 

58 

57 

56 

59  . 

60 

60 

61 

617 

64 

61 

54* 

61 

58 

62 

62 

63 

63 

62 

61 

62 

61*9 

63 

61 

63 

64 

66 

63 

65 

64 

64 

63 

64 

62 

63-1 

59 

61 

63 

61 

57 

57 

61 

60 

62 

63 

62 

58 

62-2 

68 

69 

62 

62 

64 

61 

58 

62 

64 

64 

64 

64 

64-0 

67 

68 

66 

65 

64 

63 

63 

65 

66 

67 

64 

66 

647 

69 

69 

70 

69 

68 

65 

64 

66 

67 

67 

67 

68 

66-3 

64 

65 

68 

68 

68 

66 

60 

60 

64 

64 

59 

64 

64-8 

61 

66 

68 

70 

68 

67 

67 

67 

67 

67 

66 

66 

66-5 

64*8 

647 

64*0 

63-9 

64*2 

63-8 

63-2 

637 

64-3 

63-9 

63-8 

637 

6475 

64*8 

647 

64-4  • 

64-8 

64-5 

63-8 

63*2 

637 

647 

64*3 

63-8 

637 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  f rom  the  photographic  traces  of  the  bifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0 000109  in  parts  of  H.  All 

MARCH,  1 888. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

lh 

2h 

3h 

4h 

5h 

6h 

7h 

8* 

9h 

IOh 

1 ih  Noon. 

! 

66 

66 

65 

66 

66 

66 

66 

65 

64 

64 

65 

64 

2 

68 

67 

66 

67 

67 

66 

65 

63 

61 

62 

63 

63 

3 

67 

67 

67 

67 

68 

68 

67 

67 

66 

64 

62 

61 

4 

68 

67 

67 

68 

68 

68 

67 

64 

63 

61 

64 

65 

5 

69 

69 

69 

69 

69 

69 

69 

67 

64 

63 

64 

65 

6 

69 

69 

69 

69 

69 

69 

68 

68 

68 

69 

72* 

73* 

7 

73 

73 

73 

74 

73 

72 

75 

72 

7i 

70 

7i 

69 

8 

64 

64 

66 

65 

66 

65 

65 

63 

62 

63 

65 

66 

9 

66 

67 

68 

69 

67 

68 

69 

66 

60 

54* 

66 

61 

IO 

65 

66 

65 

65 

63 

73 

68 

63 

60 

61 

65 

65 

n 

66 

66 

65 

65 

66 

65 

66 

64 

62 

6| 

61 

60 

12 

66 

68 

67 

67 

67 

66 

66 

63 

60 

60 

59 

60 

13 

68 

69 

68 

69 

68 

69 

67 

63 

61 

60 

60 

63 

*4 

67 

69 

69 

70 

70 

69 

68 

63 

60 

58 

58 

57 

15. 

69 

69 

7i 

75 

78* 

63 

70 

64 

70 

67 

63 

61 

16 

62 

61 

65 

64 

63 

64 

63 

58 

66 

59 

54 

54 

17 

59 

60 

65 

68 

66 

60 

62 

61 

58 

61 

52* 

55 

18 

61 

60 

60 

65 

64 

63 

64 

61 

62 

64 

59 

59 

19 

62 

64 

64 

66 

64 

65 

65 

66 

65 

62 

55 

59 

20 

65 

64 

64 

65 

65 

63 

62 

60 

59 

58 

60 

58 

21 

66 

67 

70 

70 

69 

68 

67 

65 

63 

62 

58 

60 

22 

64 

65 

66 

66 

68 

67 

66 

63 

62 

64 

62 

58 

23 

65 

67 

67 

67 

68 

68 

66 

64 

62 

67 

67 

<>3 

24 

68 

68 

70 

69 

68 

72 

69 

68 

65 

61 

60 

62 

25 

72 

7i 

7i 

70 

7i 

70 

70 

68  - 

66 

66 

65 

66 

26 

69 

69 

69 

70 

70 

69 

68 

64 

64 

65 

63 

63 

27 

69 

69  * 

70 

7i 

70 

7i 

70 

69 

68 

65 

62 

60 

28 

70 

70 

7i 

76 

7i 

7i 

72 

7i 

69 

67 

63 

57' 

29 

69 

69 

68 

68 

68 

69 

68 

67 

68 

67 

65 

64 

30 

68 

69 

69 

69 

69 

68 

67 

65 

66 

67 

66 

66 

31 

65 

65 

68 

67 

67 

69 

67 

66 

68 

65 

62 

60 

Monthly? 
mean  £ 

66-6 

66*9 

67-5 

68*3 

67*9 

67-5 

67*2 

64*9 

64*0 

632 

62*3 

6i*8 

Normal 

66-6 

66*9 

67-5 

68*3 

67*6 

67-5 

67*2 

64*9 

64*0 

63-5 

62*3 

61*5 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  forco.] 

MARCH,  1888. 


I3h 

I4h 

I5h 

1 61* 

1711 

1 8k 

19k 

2oh 

2Ih 

22h 

23  k 

Mid- 

night. 

Daily 

mean. 

60 

64 

64 

63 

66 

67 

65 

65 

66 

66 

65 

64 

64’9d 

62 

62 

64 

67 

68 

66 

67 

66 

67 

66 

67 

67 

65-3 

61 

63 

65 

68 

69 

68 

65 

66 

68 

68 

68 

68 

66-2 

68 

67 

69 

69 

68 

68 

68 

67 

67 

67 

68 

68 

66-8 

67 

68 

69 

68 

68 

68 

68 

69 

68 

68 

68 

69 

677 

69 

68 

70 

7i 

7i 

72 

72 

72 

70 

72 

72 

72 

70-1 

72 

74* 

7i 

7i 

66 

64 

67 

57 

55* 

62 

60 

76 

69-2 

67 

64 

65 

65 

65 

61 

61 

59 

62 

65 

66 

67 

64-2 

53* 

60 

64  ' 

64 

65 

63 

63 

64 

60 

62 

65 

64 

637 

63 

62 

63 

63 

62 

65 

64 

63 

66 

63 

63 

67 

64*3 

62 

63 

64 

66 

67 

68 

68 

68 

68 

67 

66 

66 

65-1 

61 

64 

64 

65 

67 

68 

68 

68 

68 

67 

68 

67 

65-2 

64 

66 

60 

63 

66 

68 

67 

67 

67 

68 

68 

69 

65 -8 

61 

63 

62 

62 

64 

67 

67 

66 

67 

67 

69 

70 

65-1 

64 

64 

52* 

50* 

58 

54* 

55* 

50* 

50* 

50* 

55* 

61 

6 1 -8. 

44* 

45* 

50* 

56* 

46* 

59 

58 

60 

55* 

54* 

58 

66 

57-8 

58 

59 

59 

55* 

55* 

55* 

58 

59. 

57 

62 

55* 

58 

59-° 

66 

67 

60 

55* 

59 

62 

62  ’ 

63 

60 

59 

63 

64 

617 

59 

62 

63 

60 

57 

61 

65 

61 

62 

62 

64 

64 

62-4 

59 

62 

64 

62 

64 

65 

63 

65' 

64 

66 

64 

65 

62-8 

59 

61 

62 

65 

66 

65 

66 

66 

66 

65 

64 

64 

64-8 

60 

60 

62 

65 

65 

66. 

66 

67 

66 

66 

69 

66 

.64-5 

64 

66 

. 68 

68 

66 

65 

65 

65 

72 

64 

67 

67 

66-2 

66 

69 

72 

72 

70 

69 

69 

68 

67 

67 

68 

69 

678 

69 

72 

73 

72 

69 

69 

68 

69 

69 

68 

69 

69 

69-3 

64 

66 

70 

72 

7i 

70 

70 

70 

70 

70 

70 

70 

68-2 

62 

66 

75* 

74 

73 

70 

68 

69 

69 

70 

69 

70 

687 

61 

63 

64 

67 

67 

64 

64 

65 

66 

67 

68 

68 

67-2 

65 

65 

67 

67 

66 

65 

93 

64 

64 

64 

63 

64 

66-i 

69 

68 

67 

68 

66 

65 

63 

62 

62 

65 

64 

66 

66-4 

60 

62 

64 

67 

68 

' 67 

66 

66 

67 

66 

65 

68 

65-6 

625 

64-0 

647 

65-2 

65-1 

65;3. 

651 

647 

647 

64-9 

65 '4 

66-9 

65-29 

635 

64-3 

653 

66-8 

66-i 

66*o 

65-5 

65-2 

65*9 

65-8 

66*i 

66-9 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar . 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  ss- 0*000109  in  parts  of  H.  All 

APRIL,  1 888. 


[For  the  explanation  of  these  tables  see  pp.  5S,  64.] 


Day. 

lb 

2h 

3h 

4h 

5h 

6h 

7h 

8“ 

9h 

IOh 

nh  Noon. 

I 

69 

70 

70 

69 

69 

69 

67 

66 

66 

64 

61 

61 

2 

66 

66 

66 

67 

68 

68 

69 

66 

66 

65 

63 

62 

3 

64 

66 

66 

68 

66 

66 

66 

64 

70 

70 

70 

68 

4 

69 

7i 

67 

66 

69 

63 

68 

67 

68 

67 

64 

49* 

5 

65 

66 

74 

64 

65 

64 

62 

58 

60 

62 

63 

62 

6 

65 

68 

67 

67 

67 

67 

67 

63 

61 

62 

62 

64 

7 

68 

69 

69 

69 

70 

68 

66 

66 

63 

61 

60 

65 

8 

68 

69 

69 

70 

70 

7i 

69 

67 

65 

62 

65 

65 

9 

67 

68 

68 

68 

68 

68 

68 

65 

63 

60 

60 

62 

IO 

69 

70 

70 

70 

70 

7i 

7i 

70 

65 

62 

62 

65 

n 

56* 

61 

73 

70 

68 

62 

60 

60 

58 

54* 

55* 

55* 

12 

58* 

65 

63 

63 

69 

69 

64 

62 

58 

53* 

52* 

51* 

13 

65 

67 

57* 

61 

64 

68 

66 

65 

70 

52* 

54* 

5i* 

14 

66 

65 

68 

65 

66 

66 

67 

66 

59 

59 

53* 

49* 

15 

66 

67 

64 

64 

65 

66 

67 

68 

68 

64 

60 

58 

l6 

65 

65 

66 

65 

65 

67 

68 

66 

66 

64 

63 

64 

17 

68 

69 

69 

69 

69 

69 

69 

68 

68 

68 

68 

66 

18 

68 

66 

67 

69 

68 

69 

67 

66 

65 

64 

63 

63 

19 

70 

7i 

72 

72 

7i 

73 

7i 

7i 

68 

67 

70 

74 

20 

70 

70 

70 

73 

71 

72 

69 

68 

7i 

70 

70 

69 

21 

70 

70 

70 

70 

7i 

7i 

66 

63 

63 

65 

65 

67 

22 

70 

7i 

7i 

7i 

72 

7i 

£8 

67 

69 

70 

69 

68 

23 

7i 

72 

72 

72 

73 

73 

7i 

68 

67 

66 

67 

68 

24 

74 

7i 

74  ' 

74 

73 

74 

72 

70 

66 

67 

66 

68 

25 

69 

69 

69 

68 

69 

70 

69 

66 

64 

62 

64 

64 

26 

69 

70 

69 

7i 

7i 

72 

72 

70 

66 

64 

65 

66 

27 

70 

70 

70 

70 

70 

7i 

69 

66. 

63 

64 

66 

68 

28 

72 

73 

73 

72 

72 

79* 

80* 

74 

72 

68 

67 

68 

29 

70 

70 

7i 

70 

7i 

7i 

72 

70 

69 

69 

70 

72 

30 

70 

70 

70 

72 

70 

7i 

70 

69 

69 

7i 

7i 

7i 

Monthly? 
mean  £ 

67-6 

68-s 

68-8 

68-6 

69-0 

6 9*3 

68-3 

66-s 

65-5 

63-9 

63-6 

63-4 

Normal 

68-3 

68-5 

69*2 

68*6 

69*0 

68-9 

67-9 

66-5 

65*5 

65*2 

65-2 

65-9 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

APRIL,  1 888. 


I3h 

I4h 

I5h 

1 6* 

17k 

i8h 

i9h 

2Ch 

2Ih 

22h 

23h 

Mid- 

night. 

Daily 

mean. 

63 

65 

66 

69 

70 

70 

69 

68 

67 

71 

67 

67 

6j’2A 

7i 

69 

72 

73 

7i 

73 

53* 

45* 

46* 

45* 

57* 

64 

63-8 

65 

61 

59 

65 

66 

57* 

60 

57* 

60 

75 

69 

65 

65-1 

5** 

60 

65 

66 

65 

64 

65 

64 

65 

66 

62 

7i 

65  0 

60 

60 

64 

65 

62 

59 

58 

63 

66 

67 

66 

64 

633 

6S 

67 

66 

65 

66 

67 

67 

67 

68 

67 

67 

68 

65-8 

66 

67 

66 

66 

65 

67 

67 

66 

66 

66 

67 

6 7 

66-2 

66 

66 

67 

65 

66 

67 

66 

67 

. 67 

68 

66 

67 

67-0 

64 

64 

66 

68 

70 

69 

68 

69 

69 

69 

69 

69 

66-6 

67 

69 

7i 

72 

72 

72 

67 

70 

67 

70 

66 

63 

68-4 

54* 

57* 

5i* 

42* 

41* 

54* 

50* 

54* 

57* 

6o* 

67 

65 

577 

54* 

57* 

52* 

56* 

61 

63 

-63 

64 

63 

64 

62 

61 

60-3 

57* 

56* 

57* 

62 

61 

58* 

59 

60 

63 

66 

64 

63 

6ri 

59 

63 

63 

69 

59' 

61 

60 

60 

61 

68 

64 

62 

62-4 

58 

62 

•66 

64 

62 

61 

63 

63 

64 

63 

66 

65  • 

63-9 

65 

65 

66 

68 

65 

66 

67 

68 

66 

68 

68 

67 

66-o 

66 

64 

67 

68 

70 

68 

64 

64 

62 

66 

64 

65 

66-6 

64 

64 

66 

67 

65 

65 

66 

66 

68 

68 

68 

68 

66-3 

75 

76* 

73 

74 

73 

70 

69 

65 

66 

67 

6 7 

67 

70*5 

72  - 

72 

7i 

72 

68 

68 

69 

70 

70 

70 

69 

69 

70-1 

69 

69 

69 

69 

69 

70 

70 

70 

69 

69 

68 

70 

68-4 

68 

68 

68 

69 

69 

69 

70 

71 

7i 

70 

7i 

7i 

697 

69 

7i 

72 

72 

7i 

72 

73 

75 

72 

7i 

7i 

73 

70-9 

73 

69 

64 

61 

68 

69 

68 

65 

65 

67 

67 

70 

69-0 

66 

65 

68 

69 

67 

67 

68 

66 

64 

62 

62 

67 

66-4 

68 

69 

7i 

7i 

69 

68  ■ 

67 

68 

67 

68 

69 

69 

687 

69 

70 

7i 

73 

72 

70 

69 

69 

69 

70 

7i 

7i 

69-2 

70 

7i 

7i 

7i 

68 

66 

66 

68 

68 

70 

69 

68 

707 

78* 

77* 

74 

75 

77* 

76 

70 

74 

75 

76 

72 

70 

72-5 

72 

74 

73 

72 

7i 

7i 

68 

7i 

67 

70 

69 

69 

70-5 

657 

66-2 

66-5 

67-3 

66-6 

66-6 

65'3 

65-6 

65-6 

67-2 

66-8 

67-2 

66-65 

66-5 

66-6 

68-o 

68-6 

67-2 

677 

66-3 

67*1 

66-6 

68-o 

67-2 

67-2 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Local  mean  time.  .200  divisions  plus  tabular  quantity,  one  division  ^O’OOOIOQ  in  parts  of  H.  All 

MAY,  1888. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

ih 

2h 

3h 

4h 

5h 

6^ 

7h 

8h 

9h 

IOb 

lib 

Noon. 

1 

58* 

65 

69 

66 

66 

66 

64* 

63 

64 

65 

64 

66 

2 

68 

70 

70 

69 

70 

7i 

69 

69 

68 

65 

63 

62 

3 

68 

72 

68 

68 

68 

67 

66 

65 

65 

64 

63 

64 

4 

70 

70 

69 

70 

70 

70 

69 

68 

68 

68 

67 

66 

5 

68 

69 

69 

68 

68 

69 

68 

67 

68 

69 

69 

70 

6 

70 

70 

70 

70 

70 

70 

68 

66 

67 

68 

70 

70 

7 

59* 

69 

63 

64 

64 

60 

62 

63 

64 

62 

57* 

60 

8 

68 

67 

64 

66 

63 

65 

65 

63 

66 

64 

63 

60 

9 

67 

66 

67 

66 

67 

66 

69 

65 

63 

59 

56* 

58 

10 

67 

68 

68 

68 

70 

66 

66 

62 

62 

63 

67 

60 

11 

69 

69 

69 

67 

67 

66 

70 

68 

67 

64 

65 

66 

12 

72 

70 

68 

69 

69 

7i 

70 

68 

61 

56* 

63 

65 

13 

70 

68 

67 

67 

68 

70 

7i 

71 

70 

66 

65 

64 

M 

68 

69 

70 

69 

70 

69 

68 

68 

68 

68 

68 

70 

15 

72 

7i 

72 

7i 

7i 

7i 

70 

69 

73 

74 

76* 

69 

16 

70 

69 

70 

69 

70 

7i 

72 

7i 

67 

67 

67 

68 

17 

69 

67 

69 

70 

70 

7i 

70 

70 

69 

66 

67 

69 

18 

72 

73 

73 

73 

73 

73 

72 

70 

7i 

73 

72 

74 

19 

69 

69 

69 

69 

69 

68 

66 

65 

68 

72 

7i 

72 

20 

7i 

78* 

81* 

79* 

78* 

79* 

81* 

68 

75 

79* 

80* 

74 

21 

55* 

56* 

57* 

62 

67 

73 

64 

61 

62 

65 

64 

62 

.22 

68 

65 

66 

64 

64 

64 

63 

64 

66 

66 

65 

66 

23 

66 

66 

68 

66 

67 

66 

65 

67 

72 

78* 

76* 

68 

24 

62 

62 

65 

64 

64 

62 

59 

57* 

60 

64 

68 

70 

25 

67 

67 

68 

67 

69 

66 

65 

64 

66 

68 

69 

70 

26 

74 

72 

78* 

77 

7i 

72 

65 

72 

68 

69 

68 

65 

27 

70 

70 

66 

68 

68 

67 

65 

66 

68 

70 

68 

65 

28 

70 

69 

67 

69 

73 

68 

69 

66 

65 

64 

63 

65 

29 

76 

69 

70 

69 

69 

70 

65 

64 

63 

64 

65 

62 

30 

68 

73 

7i 

67 

68 

68 

66 

65 

65 

64 

65 

66 

3i 

70 

7i 

70 

70 

69 

70 

68 

67 

68 

70 

69 

68 

Monthly  > 
mean  $ 

68-i 

687 

687 

68-4 

687 

68-5 

67-4 

662 

667 

66*9 

669 

663 

Normal 

693 

68-8 

68*4 

68-1 

68-4 

682 

67-0 

66-5 

667 

665 

66-5 

66*3 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

MAY,  1888. 


I3h 

14b 

i5h 

16b 

17b 

1 8b 

19b 

20h 

2Ih 

2211 

23b 

Mid- 

night. 

Daily 

mean. 

70 

68 

65 

66 

64 

64 

66 

64 

71 

62 

64 

66 

65-2d 

65 

62 

64 

64 

66 

63 

64 

66 

65 

67 

65 

65 

66-3 

67 

65 

66 

66 

68 

67 

66 

68 

67 

66 

66 

73 

66-8 

65 

65 

65 

65 

66 

68 

68 

68 

68 

68 

69 

68 

67-8 

69 

68 

68 

68 

68 

69 

69 

69 

68 

69 

69 

70 

68-6 

7i 

7i 

7i 

74* 

77* 

77* 

79* 

81* 

80* 

70 

68 

56* 

710 

55* 

62 

60 

59 

53* 

55* 

5i* 

53* 

55* 

60 

67 

62 

600 

64 

67 

66 

61 

61 

62 

55* 

7i 

61 

67 

68 

69 

64*4 

61 

63 

63 

64 

64 

64 

65 

67 

60 

62 

65 

67 

63-9 

70 

74 

7i 

66 

64 

61 

59 

58 

60 

63 

74 

67 

65-6 

69 

70 

67 

67 

66 

65 

63 

60 

63 

70 

7i 

67 

66*9 

67 

72 

68 

65 

63 

65 

64 

66 

67 

66 

66 

67 

66*6 

64 

64 

65 

65 

64 

65 

66 

66 

66 

67 

68 

68 

66-9 

69 

66 

66 

64 

66 

67 

66 

67 

68 

68 

69 

69 

68*o 

79* 

79* 

74 

7i 

68 

69 

68 

70 

67 

68 

70 

68 

71-2 

67 

66 

66 

65 

66 

67 

68 

69 

69 

69 

69 

69 

68-4  , 

69 

69 

67 

68 

69 

69 

70 

69 

70 

7i 

7i 

72 

69-2 

73 

69 

64 

62 

64 

66 

68 

63 

55* 

65 

66 

68 

68-8 

70 

67 

67 

65 

64 

66 

68 

68 

68 

68 

69 

70 

68-2 

79* 

68 

63 

56 

44* 

49* 

28* 

32* 

24* 

32* 

,37* 

5i* 

619 

63 

60 

56* 

5i* 

59 

61 

61 

61 

61 

62 

63 

66 

6i*3 

66 

63 

61 

61 

63 

65 

66 

66 

65 

66 

65 

66 

64-8 

62 

62 

60 

52* 

55* 

51* 

53* 

51* 

60 

60 

60 

61 

630 

68 

68 

65 

62 

60 

59 

58 

61 

64 

64 

65 

66 

6 32 

72 

68 

67 

65 

62 

62 

66 

66 

67 

66 

70 

7i 

67-0 

64 

65 

66 

63 

59 

64 

66 

65 

65 

64 

67 

72 

680 

63 

63 

63 

66 

66 

66 

66 

66 

65 

65 

67 

69 

66-5 

67 

68 

69 

68 

65 

66 

67 

67 

66 

65 

68 

67 

67*  1 

66 

70 

67 

67 

65 

66 

66 

66 

66 

68 

68 

69 

671 

70 

7i 

69 

67 

65 

66 

66 

68 

68 

67 

70 

68 

67'5 

67 

66 

66 

67 

68 

69 

69 

68 

67 

68 

69 

69 

68-5 

67-5 

67  0 

65*6 

64*2 

63-6 

64-3 

63*7 

64'5 

64-1 

64-9 

66-5 

670 

66-44 

671 

66-6 

66*o 

647 

64-6 

65-2 

657 

66-i 

656 

66*0 

67-5 

67-9 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES — 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0 000109  in  parts  of  H.  All 

JUNE,  1888. 

[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

ih 

2h 

3h 

4h 

5h 

6^ 

7h 

gh 

9h 

IOh 

lib 

Noon. 

i 

69 

70 

70 

69 

69 

70 

67 

67 

70 

74 

73 

74 

2 

69 

70 

70 

70 

70 

69 

69 

68 

7i 

75 

76 

75 

3 

71 

64 

72 

69 

68 

68 

74 

69 

67 

64 

52* 

64 

4 

69 

65 

64 

64 

64 

63 

60 

61 

63 

62 

67 

67 

5 

67 

67 

67 

67 

67 

66 

66 

64 

67 

66 

66 

68 

6 

69 

67 

67 

70 

68 

68 

64 

64 

65 

65 

64 

64 

7 

67 

67 

67 

68 

67 

68 

68 

64 

60 

61 

62 

65 

8 

69 

70 

70 

67 

68 

67 

67 

64 

62 

60 

63 

67 

9 

08 

68 

69 

68 

69 

68 

65 

61 

64 

65 

66 

67 

IO 

70 

7i 

72 

74 

75 

75 

72. 

70 

69 

66 

68 

68 

ii 

67 

68 

68 

68 

7i 

7i 

71 

69 

70 

73 

75 

76 

12 

68 

68 

69 

68 

70 

7i 

68 

67 

65 

[66] 

[67] 

[68] 

13 

67 

69 

68 

68 

67 

68 

68 

64 

64 

70 

74 

75 

14 

68 

68 

68 

68 

70 

7i 

7i 

69 

7i 

73 

7i 

68 

15 

70 

72 

72 

73 

74 

72 

7i 

73 

66 

76 

73 

7i 

16 

70 

72 

70 

70 

68 

7i 

68 

67 

67 

66 

6 7 

66 

17 

69 

69 

69 

69 

70 

70 

67 

66 

69 

74 

73 

70 

18 

68 

69 

69 

70 

70 

70 

68 

70 

7i 

69 

66 

67 

19 

7i 

72 

73 

75 

75 

75 

7i 

70 

68 

68 

68 

67 

20 

69 

69 

68 

68 

69 

69 

65 

65 

65 

69 

74 

76 

21 

72 

72 

72 

73 

73 

7i 

70 

69 

70 

69 

7i 

70 

22 

72 

69 

7i 

74 

72 

78 

75 

75 

70 

73 

73 

72 

23 

72 

66 

68 

66 

66 

67 

64 

66 

66 

65 

65 

70 

24 

70 

70 

70 

70 

72 

7i 

69 

68 

68 

70 

69 

68 

25 

68 

69 

70 

68 

68 

68 

67 

68 

68 

67 

64 

62 

26 

66 

65 

68 

68 

67 

66 

65 

66 

66 

[69] 

[7i] 

73 

27 

68 

68 

68 

67 

69 

69 

66 

68 

67 

70 

72 

7i 

28 

70 

67 

68 

68 

69 

68 

68 

66 

64 

66 

69 

72 

29 

70 

69 

69 

68 

69 

7i 

69 

65 

62 

62 

62 

61 

30 

70 

70 

69 

70 

70 

7i 

72 

7i 

67 

67 

7i 

75 

Monthly) 
mean  $ 

69-1 

687 

69*2 

69*2 

69-5 

697 

68-2 

67-1 

667 

68-o 

68-4 

69*2 

Norrbal 

69-1 

687 

69*2 

69-2 

69-5 

697 

68-2 

67-1 

667 

68-o 

69-0 

69*2 
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HORIZONTAL  INTENSITY-Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

JUNE,  1888. 


I3h 

I4h 

i5h 

1 6^ 

i7h 

1 8b 

19b 

20h 

2Ih 

22h 

23b 

Mid- 

night. 

Daily 

mean. 

71 

68 

67 

66 

67 

68 

68 

69 

69 

69 

69 

70 

69 '3d 

74 

73 

72 

76* 

78* 

73 

72 

72 

71 

65 

59 

62 

70-8 

65 

54* 

64 

63 

58 

58 

52* 

57 

59 

59 

58* 

66 

63-1 

60 

53* 

55* 

59 

60 

60 

64 

62 

64 

65 

74 

66 

63-0 

68 

70 

66 

57 

58 

54* 

63 

58 

65 

64 

67 

74 

65-1 

68 

66 

64 

64 

66 

62 

64 

66 

65 

68 

67 

66 

65-9 

6S 

65 

64 

63 

60 

66 

66 

64 

66 

67 

70 

69 

65-4 

68 

66 

64 

64 

63 

64 

65 

65 

67 

67 

68 

69 

66’0 

68 

70 

7i 

69 

68 

67 

67 

69 

72 

67 

70 

69 

677 

68 

67 

63 

64 

66 

66 

67 

66 

66 

67 

67 

66 

68-5 

75 

74 

7i 

7i 

70 

70 

69. 

66 

63 

63 

67 

68 

69-8 

[67] 

[66] 

[66] 

[64] 

64 

62 

64 

66 

66 

66 

67 

67 

[667] 

74 

72 

68 

68 

67 

68 

68 

67 

68 

68 

68 

67 

68-5 

67 

68 

66 

66 

67 

68 

69 

68 

74 

68 

66 

68 

68-8 

7i 

7i 

68 

65 

62 

61 

62 

63 

61 

66 

67 

69 

687 

65 

63 

63 

65 

65 

68 

68 

68 

68 

67 

68 

69 

67-5 

67 

65 

64 

64 

64 

66 

6 7 

67 

69 

68 

68 

68 

68-o 

63 

64 

66 

70 

70 

70 

7i 

7i 

7i 

7i 

70 

7i 

6g-o 

66 

64 

65 

63 

64 

67 

68 

68 

67 

68 

69 

68 

68-8 

76 

69 

69 

67 

65 

68 

68 

69 

70 

72 

72 

72 

69-3 

67 

68 

68 

68 

65 

63 

63 

68 

65 

72 

7i 

74 

69-3 

67 

62 

64 

63 

63 

48* 

57 

64 

66 

69 

69 

66 

68-o 

69 

68 

64 

61 

58 

63 

61 

64 

66 

67 

67 

69 

65-8 

64 

67 

65 

64 

63 

62 

65 

66 

69 

68 

70 

69 

67-8 

64 

66 

65 

65 

63 

64 

65 

65 

67 

64 

64 

64 

66-o 

72 

7i 

69 

66 

64 

61 

63 

64 

66 

64 

67 

67 

[66-8] 

70 

7i 

69 

68 

67 

69 

68 

69 

66 

66 

65 

69 

68-3 

73 

73 

7i 

69 

67 

67 

67 

69 

69 

70 

69 

7i 

68-8 

63 

63 

63 

65 

64 

66 

68 

68 

68 

66 

68 

69 

66-2 

70 

72 

74 

53* 

57 

58 

64 

58 

58 

62 

64 

68 

667 

68-2 

67-0 

66-3 

65-0 

64-4 

64*2 

65*4 

65'9 

667 

66-8 

67-5 

68-3 

67*45 

68-2 

67-9 

667 

65-0 

64-0 

65*2 

65*9 

65-9 

667 

66-8 

67-8 

68-3 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES  — 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division =0*000109  in  parts  of  H.  All 

JULY,  1 888. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

I1* 

2h 

3h 

4h 

5h 

6h 

7h 

8h 

9h 

IOh 

11“ 

Noon. 

, 

67 

69 

7i 

76 

69 

72 

68 

69 

'64 

66 

66 

66 

2 

67 

68 

68 

66 

66 

64 

61 

60 

61 

60 

63 

69 

3 

67 

66 

67 

67 

66 

68 

67 

66 

65 

63 

64 

63 

4 

68 

68 

67 

65 

66 

68 

68 

68 

70 

70 

69 

67 

5 

68 

68 

68 

66 

69 

70 

70 

68 

66 

65 

64 

67 

6 

70 

70 

70 

70 

7i 

70 

69 

65 

66 

67 

66 

66 

7 

72 

72 

72 

73 

72 

74 

72 

7i 

7i 

74 

73 

75 

8 

67 

69 

7i 

68 

67 

66 

67 

66 

63 

61 

66 

69 

9 

7i 

66 

65 

65 

66 

69 

70 

67 

67  • 

67 

73 

77* 

IO 

68 

69 

67 

67 

69 

68 

66 

62 

62 

64 

68 

70 

ii 

69 

69 

69 

69 

69 

7i 

70 

67 

64 

65 

65 

65 

12 

67 

68 

68 

68 

69 

7i 

70 

66 

65 

62 

62 

64 

13 

67 

67 

68 

68 

69 

70 

70 

67 

64 

64 

67 

70 

14 

69 

70 

70 

70 

70 

7i 

69 

66 

65 

66 

67 

68 

15 

70 

70 

7i 

68 

7i 

7i 

69 

69 

70 

72 

74 

7i 

16 

69 

69 

68 

68 

69 

68 

66 

67 

64 

65 

65 

63 

i7 

67 

65 

64 

64 

65 

66 

62 

61 

60 

62 

68 

64 

18 

66 

65 

65 

64 

65 

65 

65 

68 

68 

66 

65 

66 

19 

66 

66 

68 

69 

7i 

70 

70 

67 

66 

64 

63 

65 

20 

70 

75 

72 

7i 

73 

73 

73 

70 

7i 

69 

65 

68 

21 

66 

62 

68 

62 

65 

65 

63 

60 

62 

62 

63 

62 

22 

68 

60 

62 

63 

64 

62 

61 

60 

60 

61 

63 

65 

23 

67 

65 

65 

66 

67 

64 

63 

60 

60 

68 

65 

64 

24 

62 

64 

65 

64 

66 

65 

65 

63 

58 

59 

65 

67 

25 

65 

67 

68 

67 

67 

68 

67 

65 

65 

65 

66 

69 

26 

66 

66 

67 

67 

66 

67 

66 

62 

61 

63 

65 

65 

27 

66 

66 

67 

68 

68 

69 

67 

64 

63 

61 

62 

63 

28 

68 

73 

76 

69 

72 

70 

67 

67 

69 

70 

67 

63 

29 

66 

69 

66 

67 

66 

65 

63 

63 

64 

69 

7i 

72 

30 

67 

67 

68 

67 

67 

67 

66 

63 

62 

63 

68 

69 

31 

70 

68 

68 

68 

68 

67 

64 

62 

63 

66 

67 

66 

Monthly  > 
mean  ) 

67*6 

67*6 

68*o 

67*4 

68*o 

68*2 

66*9 

65*1 

64-5 

65*1 

66  *3 

67*0 

Normal 

67*6 

67*6 

68*o 

67-4 

680 

68*2 

66*9 

651 

64-5 

65*1 

66*3 

66*7 
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HORIZONTAL  INTENSITY -Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

JULY,  1888. 


T3h 

I4h 

i5h 

i6h 

i7h 

i8h 

i9h 

20h 

2Ih 

22h 

23h 

Mid- 

night. 

Daily 

mean. 

60 

64 

63 

66 

61 

61 

52* 

59 

63 

67 

60 

66 

65 -2d 

69 

67 

63 

59 

59 

62 

56 

63 

67 

67 

65 

65 

64*0 

63 

64 

62 

62 

62 

64 

64 

66 

67 

67 

67 

66 

651 

65 

66 

65 

67 

62 

65 

66 

67 

66 

68 

68 

68 

67-0 

67 

66 

66 

66 

64 

65 

66 

67 

67 

68 

69 

'69 

670 

66 

68 

70 

67 

64 

67 

69 

70 

7 1 

72 

72 

7i 

68-6 

75 

73 

70 

66 

64 

60 

62 

67 

69 

64 

66 

68 

69-8 

65 

63 

59 

60 

60 

64 

65 

65 

68 

67 

65 

68 

65A 

75 

72 

68 

64 

64 

63 

65 

65 

68 

67 

67 

68 

67-9 

73 

75 

7i 

67 

64 

64 

66 

66 

67 

68 

68 

68 

67-4 

67 

70 

68 

69 

66 

66 

67 

67 

67 

67 

67 

66 

67-5 

67 

70 

68 

68 

65 

65 

65 

65 

64 

65 

66 

66 

66-4 

72 

73  ' 

7i 

69 

65 

65 

66 

68 

68 

67 

67 

68 

67-9 

66 

65 

65 

64 

66 

66 

67 

67 

67 

68 

69 

69 

67*5 

69 

65 

62 

64 

64 

66 

67 

67 

67  . 

66 

67 

68 

68-3 

56* 

65 

66 

65 

58 

63 

63 

62 

62 

57 

59 

63 

64-2 

59 

59 

58 

58 

56 

61 

63 

64 

64 

64 

65 

66 

627 

66 

67 

65 

63 

63 

64 

67 

63 

64 

64 

66 

66 

65-2 

70 

7i 

68 

66 

64 

64 

65 

65 

59 

60 

68 

70 

66-5 

75 

64 

63 

55 

55 

57 

59 

62 

65 

64 

65 

65 

66-6 

62 

62 

65 

65 

62 

62 

64 

64 

64 

66 

67 

62 

635 

60 

6i 

62 

59 

60 

58 

58 

64 

64 

63 

67 

74 

62-5 

64 

62 

62 

61 

60 

58 

60 

64 

66 

65 

65 

69 

63-8 

69 

67 

63 

62 

60 

60 

62 

64 

64 

64 

64 

65 

636 

7i 

70 

66 

65 

62 

64 

65 

64 

65 

67 

66 

66 

66-3 

63 

66 

66 

64 

63 

64 

65 

65 

65 

65 

66 

66 

65  0 

64 

64 

64 

64 

62 

66 

67 

69 

67 

67 

64 

72 

65-6 

73 

67 

68 

55 

54 

60 

64 

63 

59 

70 

64 

60 

66-2 

7i 

69 

63 

61 

62 

65 

63 

64 

63 

70 

65 

68 

660 

69 

70 

68 

64 

62 

66 

67 

67 

67 

68 

69 

68 

66-6 

66 

64 

64 

63 

66 

65 

64 

65 

64 

65 

67 

67 

657 

67-0 

667 

65-2 

63-5 

61-9 

63-2 

63-8 

65-1 

65A 

66*o 

66-i 

67*1 

6596 

67-4 

667 

65-2 

63-5 

61-9 

63-2 

64-2 

651 

65-4 

66-o 

66-i 

671 
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U.  S.  COAST  AND  GEODETIC  SURVEY, 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  — 0'000109  in  parts  of  H.  All 

AUGUST,  1888. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

Ih 

2h 

3h 

4h 

5h 

6h 

?h 

8h 

9h 

IOh 

nh 

Noon. 

! 

66 

66 

67 

66 

68 

69 

69 

67 

66 

65 

64 

67 

2 

68 

68 

69 

70 

72 

74 

74* 

70* 

67 

68 

67 

68 

3 

65 

69 

69 

75* 

70 

69 

65 

61 

68 

65 

60 

54* 

4 

61 

62 

61 

65 

61 

61 

60 

61 

60 

64 

63 

67 

5 

66 

64 

66 

65 

65 

64 

64 

60 

60 

60 

60 

65 

6 

65 

66 

66 

65 

66 

67 

65 

60 

55 

54 

58 

62 

7 

65 

65 

65 

66 

66 

66 

65 

61 

60 

59 

62 

65 

8 

67 

66 

66 

66 

65 

66 

67 

68 

68 

67 

66 

68 

9 

67 

66 

66 

65 

66 

66 

65 

60 

59 

60 

64 

65 

10 

7i 

70 

7i 

70 

70 

70 

67 

64 

65 

65 

64 

63 

11 

67 

67 

68 

68 

70 

7i 

68 

66 

66 

64 

65 

63 

12 

60 

58 

63 

63 

66 

62 

61 

57 

59 

59 

59 

60 

13 

64 

65 

66 

66 

66 

67 

65 

62 

59 

57 

58 

60 

H 

67 

67 

67 

66 

67 

68 

65 

64 

64 

65 

66 

68 

15 

66 

66 

67 

68 

68 

67 

64 

61 

64 

69 

74* 

78* 

16 

55* 

60 

72 

62 

68 

61 

59 

54 

5i* 

56 

60 

64 

17 

62 

72 

65 

67 

58 

64 

64 

58 

58 

58 

59 

63 

18 

62 

62 

62 

62 

63 

60 

58 

55 

55 

57 

59 

56 

19 

64 

58 

62 

60 

61 

62 

60 

58 

58 

56 

56 

57 

20 

60 

66 

61 

62 

62 

60 

58 

57 

58 

57 

58 

57 

21 

63 

64 

63 

64 

64 

63 

60 

56 

58 

59 

59 

59 

22 

61 

63 

63 

62 

64 

63 

58 

54 

54 

57 

59 

60 

23 

63 

63 

65 

64 

64 

64 

61 

58 

58 

62 

66 

68 

24 

65 

65 

65 

65 

66 

66 

62 

58 

59 

64 

68 

69 

25 

67 

67 

66 

6 7 

66 

65 

62 

58 

55 

58 

63 

68 

26 

70 

70 

69 

70  . 

68 

68 

65 

62 

60 

60 

64 

68 

27 

67 

68 

67 

66 

65 

67 

65 

60 

58 

59 

60 

62 

28 

68 

68 

68 

69 

69 

68 

65 

61 

60 

57 

61 

66 

29 

66 

66 

67 

67 

6 7 

67 

64 

61 

61 

65 

70 

72 

30 

68 

69 

69 

70 

70 

7i 

70 

70* 

68 

74* 

74* 

74* 

3i 

67 

66 

62 

63 

65 

64 

64 

61 

58 

57 

60 

62 

Monthly ) 
mean  $ 

64-9 

65*5 

65*9 

65-9 

66-o 

65*8 

63-8 

607 

60-3 

6l‘2 

62-8 

64-5 

Normal 

65-3 

65*5 

65*9 

65*6 

66-o 

65*8 

63'5 

6o-i 

606 

6o-8 

62-0 

64-0 

• 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory . 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

AUGUST,  1888. 


I3h 

i4h 

I5h 

1 6* 

17J1 

i8h 

I9h 

20h 

2Ih 

22h 

23h 

Mid- 

night. 

Daily 

mean. 

66 

65 

64 

62 

63 

66 

66 

66 

66 

66 

67 

67 

66*od 

68 

7i 

68 

58 

63 

62 

65 

64 

64 

63 

62 

66 

67-0 

5i* 

5i* 

50* 

47* 

47* 

48* 

47* 

50* 

50* 

53* 

72 

61 

59*o 

67 

65 

65 

63 

62 

60 

60 

63 

63 

63 

63 

64 

627 

67 

65 

62 

58 

61 

62 

62 

62 

63 

65 

65 

64 

63- 1 

64 

64 

61 

63 

63 

62 

62 

65 

65 

64 

64 

64 

62*9 

68 

68 

67 

65 

64 

63 

61 

62 

63 

63 

64 

65 

64-1 

70 

69 

66 

66 

62 

63 

64 

65 

65 

65 

66 

66 

66-i 

67 

66 

65 

66 

65 

65 

66 

66 

66 

67 

67 

70 

65-2 

66 

65 

63 

63 

63 

64 

66 

66 

66 

67 

67 

67 

66-4 

63 

62 

64 

57 

62 

63 

63 

65 

68 

63 

58 

57 

64-5 

61 

62 

62 

61 

62 

62 

64 

64 

6 3 

62 

61 

63 

61-4 

65 

63 

61 

61 

59 

63 

65 

63 

65 

64 

66 

66 

63-2 

74 

76* 

72 

69 

67 

65 

64 

65 

66 

66 

66 

65 

67-0 

78* 

76* 

75* 

7i 

73* 

73* 

70 

52* 

48* 

58 

74* 

59 

67'5 

59 

56* 

59 

59 

52* 

58 

57 

56 

58 

65 

56 

64 

59-2 

61 

56* 

58 

47* 

57 

61 

60 

56 

60 

60 

55* 

65 

60-2 

59 

60 

58 

56 

56 

56 

58 

59 

60 

64 

61 

60 

59-i 

58 

58 

60 

60 

60 

62 

59 

62 

57 

59 

55* 

66 

59-5 

56* 

58 

59 

56 

55 

60 

60 

63 

64 

63 

62 

63 

59-8 

62 

63 

61 

61 

60 

62 

62 

62 

60 

59 

67 

62 

61  *4 

63 

62 

61 

59 

58 

58 

58 

60 

61 

62 

62 

63 

60-2 

67 

68 

67 

66 

64 

61 

62 

64 

65 

64 

64 

65 

63-9 

69 

67 

66 

65 

63 

64 

64 

66 

66 

65 

65 

66 

64-9 

70 

72 

7i 

69 

68 

67 

67 

68 

68 

68 

68 

68 

66-i 

70 

7i 

70 

67 

6 7 

66 

66 

66 

66 

66 

68 

68 

66*9 

67 

68 

66 

64 

64 

64 

66 

66 

64 

64 

67 

68 

647 

68 

68 

67 

67 

65 

66 

66 

65 

65 

63 

63 

64 

65-3 

70 

68 

66 

67 

67 

68 

68 

68 

68 

68 

68 

68 

67-0 

74 

74 

66 

66 

65 

61 

62 

66 

66 

67 

62 

62 

68-3 

64 

64 

65 

64 

62 

63 

61 

62 

63 

63 

62 

64 

62-8 

65*5 

65-2 

64-0 

62-0 

61-9 

62-5 

62-6 

02-8 

63-0 

63-5 

64-1 

64*5 

6372 

66-o 

65-6 

64-1 

63-1 

62-4 

627 

63-1 

63-6 

639 

63-9 

64-4 

64-5 

256 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES 

Hourly  readings  from  the  photographic  traces  of  the  hi  filar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0 000109  in  parts  of  H.  All 

SEPTEMBER,  1888. 


[For  the  explanation  of  these  tables  see  pp.  53, 54.] 


Day. 

ih 

2h 

3h 

4h 

5h 

6» 

7h 

8h 

9h 

IOh 

lib 

Noon. 

I 

64 

63 

65 

64 

65 

64 

64 

61 

61 

61 

62 

59 

2 

64 

65 

64 

63 

66 

62 

60 

59 

58 

62 

62 

61 

3 

65 

64 

64 

^5 

64 

64 

59 

56 

56 

59 

6-3 

66 

4 

64 

64 

65 

65 

65 

65 

61 

57 

58 

61 

64 

67 

5 

66 

66 

66 

65 

66 

65 

63 

61 

57 

61 

66 

67 

6 

67 

68 

67 

67 

67 

66 

64 

64 

63 

63 

65 

65 

7 

7i 

68 

69 

70 

7i 

7i 

66 

64 

66 

67 

70* 

71* 

8 

62 

64 

63 

64 

65 

66 

67 

66 

66 

66 

65 

61 

9 

63 

65 

65 

66 

65 

63 

64 

62 

62 

61 

62 

62 

IO 

64 

65 

65 

65 

65 

64 

59 

57 

57 

68 

60 

60 

ii 

64 

64 

65 

65 

64 

63 

59 

55 

57 

61 

64 

66 

12 

62 

65 

65 

62 

6.4 

65 

64 

59 

59 

58 

59 

57 

13 

66 

53* 

64 

59 

62 

60 

57 

56 

52 

52 

5i 

58 

H 

65 

66 

63 

64 

64 

63 

60 

57 

53 

56 

57 

56 

15 

64 

59 

60 

61 

62 

66 

61 

55 

56 

58 

58 

57 

16 

55 

58 

62 

60 

58 

59 

58 

54 

5i 

52 

55 

58 

i7 

60 

62 

62 

62 

61 

60 

60 

56 

55 

57 

58 

58 

18 

60 

58 

60 

64 

64 

63 

61 

61 

61 

60 

58 

56 

19 

61 

63 

63 

66 

65 

62 

58 

58 

60 

60 

58 

57 

20 

56 

55 

59 

59 

62 

61 

58 

55 

55 

58 

57 

57 

21 

60 

62 

62 

62 

63 

63 

60 

54 

52 

54 

54 

58 

22 

62 

62 

63 

64 

64 

62 

58 

57 

57 

58 

60 

63 

2 3 

65 

64 

64 

65 

64 

63 

60 

56 

54 

55 

55 

59 

24 

64 

64 

65 

66 

65 

64 

62 

60 

61 

63 

64 

64 

25 

62 

64 

66 

63 

67 

63 

58 

58 

58 

57 

56 

55 

26 

61 

60 

59 

64 

63 

62 

59 

55 

55 

57 

56 

54 

27 

52* 

56 

57 

58 

60 

59 

57 

58 

57 

58 

58 

57 

28 

61 

60 

59 

61 

60 

62 

60 

60 

61 

62 

60 

56 

29 

59 

60 

61 

61 

61 

60 

54 

54 

55 

58 

56 

60 

30 

61 

60 

61 

62 

62 

61 

60 

56 

54 

55 

56 

58 

Monthly) 
mean  \ 

62-3 

62-2 

63- 1 

63*4 

63-8 

63-0 

604 

581 

57*6 

59-3 

59-6 

6o-i 

Normal 

627 

62-6 

631 

63-4 

63-8 

63-0 

60-4 

58-1 

57*6 

59'3 

59'3 

597 
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HORIZONTAL  INTENSITY— Continued. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory . 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

SEPTEMBER,  1888. 


i3h 

14b 

i5h 

i6h 

17I1 

i8h 

i9h 

20h 

2Ih 

22h 

2 3h 

Mid- 

night. 

Daily 
mean.  i 

! 

64 

69 

65 

66 

63 

62 

60 

61 

62 

62 

61 

65 

63-od 

64 

64 

58 

58 

62 

57 

60 

62 

64 

63 

64 

65 

62-0 

65 

65 

64 

63 

63 

62 

63 

63 

63 

64 

64 

64 

62-8 

69 

68 

67 

64 

65 

65 

65 

65 

65 

66 

65 

66 

64-4 

69 

70 

69 

67 

66 

65 

67 

^7 

67 

68 

68 

67 

65-8 

63 

62 

63 

64 

66 

67 

68 

69 

69 

69 

70* 

70 

66-i 

71* 

66 

68 

68 

67 

66 

66 

64 

60 

53 

62 

63 

666 

58 

61 

62 

64 

63 

64 

63 

63 

62 

61 

64 

63 

63-5 

62 

64 

64 

65 

64 

62 

61 

62 

62 

62 

64 

64 

63-2 

60 

60 

62 

64 

64 

64 

64 

66 

64 

64 

64 

64 

629 

66 

65 

66 

65 

67 

70 

71* 

68 

63 

61 

61 

61 

. 63-8 

62 

66 

65 

61 

5i* 

60 

60 

61 

63 

64 

58 

59 

61-2 

59 

59 

56 

49* 

‘58 

60 

61 

62 

61 

58 

57 

64 

58-i 

55 

59 

59 

61 

46* 

46* 

53 

55 

61 

58 

61 

62 

58-3 

56 

60 

57 

57 

56 

56 

60 

59 

61 

58 

61 

60 

59'i 

59 

59 

58 

58 

56 

58 

59 

59 

59 

60 

64 

63 

58-0 

60 

60 

58 

58 

59 

60 

59 

58 

60 

60 

60 

60 

59‘3 

53 

49* 

48* 

44* 

44* 

47* 

46* 

49* 

50* 

56 

56 

58 

55-2 

56 

55 

5o 

45* 

45* 

49* 

50* 

53 

52* 

60 

54 

57 

56-5 

58 

61 

61 

60 

60 

61 

62 

61 

62 

59 

60 

63 

59-2 

58 

58 

60 

60 

57 

58 

59 

58 

58 

60 

59 

62 

58-8 

64 

66 

65 

64 

61 

61 

62 

62 

63 

64 

64 

64 

62-1 

64 

66 

66 

66 

65 

62 

62 

62 

63 

64 

64 

64 

62-2 

66 

66 

65 

63 

59 

64 

64 

63 

64 

62 

59 

68 

63*5 

54 

53 

55 

57 

54 

58 

57 

57 

57 

56 

56 

58 

58-3 

55 

54 

57 

58 

58 

48* 

54 

58 

58 

62 

54 

56 

57’4 

62 

62 

54 

54 

55 

58 

60 

57' 

61 

60 

59 

67 

58-2 

53 

5i* 

55 

57 

59 

60 

58 

59 

57 

63 

56 

61 

58-8 

58 

55 

54 

54 

57 

58 

59 

58 

59 

58 

58 

60 

57-8 

57 

58 

58 

59 

59 

59 

60 

59 

58 

57 

56 

56 

58-4 

607 

6i-o 

60*3 

59-8 

59'o 

59-6 

60-4 

607 

60-9 

6ri 

6o-8 

62*5 

60-82 

603 

6r-8 

6m 

613 

60-9 

61-5 

6ro 

6ri 

617 

6ri 

60-4 

_ 62-5 

H.  Ex.  43,  pt.  2 — 17 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES  — 

Hourly  readings  from  the  photographic  traces  of  the  bifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division = 0*000109  in  parts  of  H.  All 

OCTOBER,  1888. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

lb 

2h 

3h 

4b 

5h 

6b 

7h 

8b 

9b 

IOh 

lib 

Noon. 

! 

56 

58 

59‘ 

61 

61 

61 

60 

58 

57 

58 

6l 

58 

2 

61 

6l 

62 

62 

61 

59 

58 

54 

53 

56 

58 

60 

3 

62 

63 

62 

63 

64 

63 

65 

56 

55 

58 

6l 

63 

4 

66 

65 

65 

66 

64 

64 

60 

60 

58 

60 

63 

64 

5 

60 

62 

60 

69 

64 

63 

61 

56 

52 

50 

50 

54 

6 

59 

60 

58 

61 

62 

62 

57 

56 

5i 

52 

57 

56 

7 

63 

62 

63 

61 

62 

60 

58 

53 

53 

54 

57 

58 

8 

61 

6l 

60 

60 

60 

60 

59 

56 

54 

55 

58 

61 

9 

60 

6l 

61 

63 

62 

61 

61 

59 

55 

54 

58 

58 

IO 

66 

63 

63 

63 

64 

62 

61 

59 

57 

58 

54 

54 

u 

59 

60 

62 

64 

63 

64 

64 

61 

58 

56 

54 

5° 

12 

57 

58 

64 

60 

60 

61 

60 

58 

56 

53 

53 

52 

13 

57 

55 

57 

59 

61 

59 

61 

58 

56 

60 

60 

60 

14 

57 

65 

60 

59 

60 

59 

58 

57 

58 

62 

63 

60 

i5 

59 

59 

60 

60 

60 

60 

61 

61 

62 

62 

63 

62 

16 

59 

60 

62 

63 

62 

62 

59 

58 

57 

55 

56 

54 

i7 

64 

63 

64 

63 

62 

61 

60 

59 

59 

6if 

63t 

62 

18 

61 

61 

61 

60 

63 

63 

62 

62 

62 

62 

63 

62 

19 

64 

69 

68 

66 

67 

60 

63 

62 

61 

58 

52 

50 

20 

61 

55 

59 

60 

60 

61 

62 

59 

58 

54 

44* 

50 

21 

56 

58 

64 

60 

56 

56 

58 

57 

57 

56 

53 

52 

22 

57 

58 

58 

58 

58 

59 

59 

60 

56 

54 

54 

55 

23 

61 

58 

63 

56 

57 

62 

60 

57 

57 

56 

55 

55 

24 

59 

58 

59 

61 

61 

62 

62 

61 

56 

53 

5i 

53 

25 

56 

60 

56 

58 

60 

60 

57 

58 

55 

53 

54 

57 

26 

58 

58 

60 

60 

60 

61 

61 

60 

55  - 

55 

57 

57 

27 

57 

57 

63 

59 

60 

60 

61 

60 

58 

56 

57 

58 

28 

60 

60 

61 

60 

60 

60 

61 

61 

61 

60 

60 

60 

29 

58 

58 

59 

60 

60 

60 

60 

59 

58 

59 

60 

60 

30 

61 

62 

62 

62 

63 

63 

62 

60 

58 

56 

56 

67* 

3i 

57 

56 

59 

60 

61 

59 

60 

57 

57 

56 

57 

58 

Monthly  ^ 
mean  5 

597 

601 

6ri 

612 

61-2 

60-9 

60-4 

58-5 

56-8 

56-5 

56-8 

57*4 

Normal 

597 

6o-i 

6r  1 

6i*2 

6i*2 

60-9 

60*4 

58-5 

568 

56-5 

57’3 

57*i 

fEye  readings. 
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HORIZONTAL  INTENSITY. 

magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force. 1 

OCTOBER,  1 888. 


i3h 

1411 

r5h 

l6h 

i7h 

1 8^ 

19b 

20h 

2Ih 

22h 

23b 

Mid- 

night. 

Daily 

mean. 

6o 

60 

61 

60 

60 

61 

62 

60 

60 

6l 

61 

61 

59’Sd 

6o 

61 

61 

60 

61 

62 

61 

6l 

6l 

6l 

61 

60 

59-8 

64 

63 

63 

63 

63 

63 

63 

64 

65 

66 

66 

66 

627 

66 

68* 

66 

65 

65 

66 

65 

65 

66 

64 

57 

58 

63-6 

59 

56 

5^ 

55 

53 

54 

57 

58 

58 

57 

59 

58 

57  5 

57 

58 

59 

58 

61 

62 

60 

6l 

58 

59 

61 

62 

58-6 

59 

58 

60 

62 

63 

62 

61 

60 

59 

58 

59 

60 

59-4 

60 

60 

62 

63 

63 

62 

' 62 

59 

59 

58 

61 

60 

59*8 

58 

58 

61 

60 

60 

59 

60 

62 

60 

58 

59 

59 

59‘4 

56 

58 

55 

59 

59 

57 

55 

55 

52 

56 

58 

59 

58-5 

58 

60 

61 

60 

57 

44* 

55 

58 

45* 

54 

52 

57 

57'3 

55 

55 

59 

6q 

59 

60 

55 

52 

55 

54 

55 

63 

57-2 

58 

55 

54 

54 

55 

55 

57 

55 

56 

57 

57 

58 

57'3 

59 

57 

58 

59 

60 

60 

60 

59 

59 

60 

59 

58 

59*4 

60 

60 

60 

61 

61 

61 

62 

60 

5§ 

58 

57 

58 

60-2 

55 

57 

59 

60 

61 

62 

60, 

58 

55 

56 

57 

61 

587 

61 

59 

59 

58 

58 

59 

59 

59 

59 

59 

60 

62 

60-5 

61 

60 

60 

60 

60 

60 

60 

60 

60 

61 

61 

70* 

61-4 

44* 

41* 

38* 

41* 

45* 

54 

53 

54 

53 

55 

56 

52 

557 

52 

5o 

42* 

5o 

49* 

5o 

5o 

46* 

52 

47* 

53 

56 

53’3 

47* 

53 

54 

52 

52 

52 

52 

54 

55 

57 

63 

57 

557 

57 

58 

60 

60 

60 

59 

58 

59 

58 

58 

59 

58 

57-9 

5i 

53 

51 

56 

58 

57 

56 

53 

56 

55 

56 

58 

56-5 

53 

52 

53 

55 

56 

53 

56 

58 

54 

53 

60 

56 

56-5 

57 

58 

57 

55 

56 

5i 

56 

54 

57 

57 

58 

58 

56-6 

58 

56 

55 

57 

58 

58 

57 

56 

59 

56 

56 

55 

57-6 

58 

58 

58 

58 

58 

58 

58 

57 

58 

60 

58 

59 

58-5 

59 

60 

61 

61 

61 

60 

59 

59 

58 

58 

57 

57 

59-8 

60 

59 

58 

59 

60 

61 

61 

60 

60 

59 

59 

60 

59*5 

70* 

70* 

66 

64 

66 

66 

62 

36* 

42* 

53 

49 

54 

59*6 

39* 

49 

5i 

49* 

54 

43* 

54 

55 

.5° 

53 

53 

59 

54'4 

57*i 

57-4 

57'4 

57-9 

58-5 

op 

LT) 

58-3 

57-o 

567 

57-4 

<_n 

00 

6 

59-o 

58-46 

58-2 

57-2 

✓ 

58-6 

58-8 

59'2 

58-8 

58-3 

58-i 

57'6 

577 

58-0 

58-6 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hi  filar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division— 0-000109  in  parts  of  H.  All 

NOVEMBER,  1888. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

lb 

2h 

3h 

4h 

5h 

6h 

7h 

8h 

9b 

IOh 

Ilh 

Noon. 

i 

55 

57 

57 

58 

56 

59 

61 

62 

59 

56 

54 

53 

2 

59 

59 

58 

58 

59 

60 

59 

63 

60 

59 

59 

58 

3 

61 

58 

59 

60 

60 

59 

60 

60 

61 

60 

60 

60 

4 

60 

58 

59 

60 

60 

61 

56 

60 

63 

56 

59 

56 

5 

60 

58 

58 

57 

61 

59 

57 

54 

55 

57 

56 

56 

6 

56 

56 

56 

56 

56 

58 

54 

54 

54 

55 

56 

56 

7 

56 

58 

58 

61 

61 

62 

59 

58 

60 

55 

54 

57 

8 

54 

55 

56 

57 

58 

59 

59 

62 

61 

65 

54 

59 

9 

54 

59 

58 

57 

57 

57 

58 

59 

58 

58 

54 

53 

IO 

56 

'57 

57 

58 

58 

58 

57 

57 

56 

54 

5i 

5o 

1 1 

54 

54 

56 

55 

54 

56 

55 

55 

57 

56 

53 

53 

12 

56 

56 

58 

56 

56 

57 

57 

55 

54 

52 

52 

52 

13 

59 

60 

60 

61 

61 

60 

60 

59 

56 

54 

55 

58 

14 

59 

59 

59 

60 

58 

57 

57 

58 

57 

54 

53 

54 

15 

60 

60 

60 

61 

# 

61 

61 

• 60 

60 

60 

62 

63 

63 

16 

5o 

52 

52 

57 

57 

58 

61 

. 61 

63 

60 

55 

46 

i7 

41* 

48* 

61 

48* 

52 

52 

53 

54 

55 

49 

54 

49 

18 

5i 

56 

56 

52 

53 

54 

55 

53 

56 

52 

46* 

50 

19 

54 

55 

57 

52 

57 

5^ 

54 

56 

54 

53 

49 

47 

20 

56 

56 

57 

57 

57 

57 

58 

58 

62 

53 

5i 

47 

21 

54 

55 

58 

57 

56 

57 

57 

57 

57 

56 

53 

55 

22 

56 

59 

57 

56 

57 

59 

59 

59 

60 

58 

54 

53 

23 

58 

57 

58 

58 

59 

59 

60 

59 

58 

56 

54 

54 

24 

59 

60 

60 

60 

60 

61 

61 

62 

60 

59 

58 

59 

25 

60 

61 

62 

62 

62 

64 

65 

67 

67 

64 

63 

58 

26 

55 

58 

60 

60 

62 

62 

64 

67 

67 

67* 

64 

63 

27 

56 

59 

58 

61 

62 

63 

64 

66 

66 

66* 

60 

57 

28 

57 

59 

59 

59 

59 

59 

61 

61 

60 

57 

56 

58 

29 

57 

59 

58 

59 

59 

59 

60 

60 

62 

60 

58 

57 

30 

59 

59 

-58 

58 

59 

59 

59 

62 

61 

57 

5i 

53 

Monthly? 
mean  ) 

56-1 

57*2 

58-0 

577 

58-2 

587 

587 

59*3 

593 

57*3 

55'3 

54*8 

Normal 

56-6 

57-6 

58-0 

58-0 

58-2 

587 

587 

59'3 

59'3 

567 

55-6 

54‘8 
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HORIZONTAL  INTENSITY— Continued. 
magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

NOVEMBER,  1888. 


,3h 

14^ 

i5h 

l6h 

17I1 

i8h 

1911 

20h 

2 iii 

221* 

2311 

Mid- 

night. 

Daily 

mean. 

48 

54 

56 

54 

57 

57- 

56 

56 

56 

58 

60 

59 

56-6d 

59 

58 

57 

56 

57 

60 

59 

59 

59 

59 

59 

58 

58-8 

60 

60 

60 

60 

60 

60 

59 

59 

58 

57 

57 

57 

59-4 

59 

56 

54 

48* 

48 

55 

54 

54 

56 

57 

54 

54 

56-5 

53 

54 

54 

57 

57 

56 

5o 

53 

5i 

52 

54 

54 

55*5 

52 

49 

58 

58 

52 

46* 

5o 

5i 

5o 

54 

52 

55 

53*9 

54 

5i 

52 

54 

56 

57 

55 

55 

55 

55 

54 

53 

56-3 

52 

48 

50 

52 

54 

52 

52 

53 

55 

54 

55 

54 

55-4 

54 

55 

55 

57 

56 

55 

57 

54 

55 

55 

56 

55 

56-1 

5o 

52 

57 

60 

61 

62 

59 

62 

58 

59 

47 

63 

566 

53 

55 

58 

58 

57 

54 

55 

56 

55 

55 

54 

56 

55-2 

52 

54 

56 

59 

60 

61 

60 

60 

59 

58 

60 

59 

56-6 

58 

59 

59 

60 

60 

60 

60 

60 

60 

60 

59 

59 

59-o 

55 

56 

58 

60 

61 

60 

61 

60 

62 

59 

58 

60 

58-i 

62 

63 

»5 

61 

5i 

54 

5i 

49 

47 

46* 

46* 

47 

57-2 

52 

53 

55 

53 

5o 

49 

49 

44* 

52 

47* 

5o 

46* 

53-o 

42* 

45* 

53 

55 

5i 

49 

50 

53 

49 

57 

5i 

49 

50-8 

49 

50 

53 

54 

54 

5i 

56 

53 

52 

57 

54 

54 

53-o 

49 

5i 

54 

56 

57 

57 

56 

54 

56 

54 

53 

53 

53*9 

48 

5i 

55 

58 

58 

57 

56 

55 

54 

53 

54 

53 

550 

55 

55 

54 

56 

57 

56 

55 

55 

56 

56 

56 

56 

55-8 

53 

55 

58 

59 

59 

58 

57 

56 

57 

57 

57 

57 

57-i 

56 

57 

60 

61 

61 

61 

60 

59 

60 

59 

60 

60 

58-5 

58 

58 

60 

61 

62 

61 

61 

61 

61 

60 

59 

59 

6o-o 

58 

54 

54 

5o 

55 

57 

57 

5<3 

56 

55 

56 

54 

590 

62 

64* 

64 

60 

58 

62 

61 

61 

59 

58 

56 

52 

61  • 1 

53 

55 

56 

60 

60 

52 

61 

60 

53 

56 

56 

53 

58-9 

55 

5o 

58 

59 

59 

59 

58 

55 

54 

59 

62 

59 

58-0 

55 

56 

57 

59 

58 

58 

58 

57 

59 

58 

59 

60 

58-4 

53 

55 

57 

59 

60 

59 

60 

60 

60 

58 

60 

58 

58-i 

53*8 

54*4 

56-6 

57-i 

56-9 

56-5 

56-4 

56-0 

55-8 

56-1 

55*6 

55-5 

5672 

54*2 

5T4 

56-6 

57-4 

56’9 

5^9 

56-4 

56*4 

55-8 

56-8 

55‘9 

55*9 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0-000109  in  parts  of  H.  All 

DECEMBER,  1888. 


[For  the  explanation  of  these  tables  see  pp.  53, 54.] 


Day. 

ih 

2* 

3h 

4h 

5h 

6^ 

7b 

8b 

9b 

IOh 

nh  Noon. 

j 

58 

59 

60 

60 

60 

60 

61 

61 

63 

62 

61 

60 

2 

58 

65 

60 

58 

58 

58 

60 

61 

64 

64 

62 

61 

3 

60 

61 

62 

62 

62 

61 

63 

64 

6l 

63 

60 

58 

4 

59 

60 

59 

58 

60 

59 

61 

62 

6l 

61 

60 

59 

5 

58 

60 

61 

60 

60 

60 

57 

60 

60 

62 

60 

58 

6 

55 

56 

58 

58 

62 

61 

60 

60 

59 

60 

56 

53 

7 

57 

58 

58 

59 

60 

60 

62 

63 

64 

62 

58 

55 

8 

52 

56 

55 

65 

63 

67 

64 

64 

57 

52 

54 

5i 

9 

54 

56 

56 

56 

56 

58 

57 

60 

60 

57 

54 

53 

IO 

56 

57 

58 

58 

59 

59 

60 

62 

61 

59 

56 

52 

ii 

58 

58 

59 

59 

60 

60 

60 

61 

62 

60 

56 

52 

12 

58 

58 

59 

59 

60 

61 

62 

62 

62 

61 

62 

59 

13 

60 

62 

61 

60 

62 

63 

63 

63 

63 

60 

56 

55 

57 

60 

65 

64 

62 

64 

63 

63 

56 

60 

58 

57 

IS 

60 

56 

53 

55 

55 

58 

54 

57 

56 

50 

53 

53 

16 

55 

54 

57 

57 

57 

57 

59 

56 

53 

54 

53 

5i 

i7 

56 

56 

57 

58 

57 

57 

58 

59 

59 

57 

54 

54 

18 

57 

58 

58 

58 

59 

59 

59 

60 

61 

59 

58 

57 

19 

57 

57 

58 

58 

58 

59 

60 

61 

60 

58 

56 

56 

20 

56 

56 

58 

58 

58 

60 

60 

60 

61 

6if 

55t 

53 

21 

58 

59 

58 

59 

59 

5-8 

58 

61 

60 

59 

57 

56 

22 

55 

56 

57 

59 

60 

61 

62 

64 

64 

62 

58 

56 

23 

53 

59 

61 

60 

59 

61 

61 

63 

63 

59 

54 

5i 

24 

47* 

5o 

54 

53 

53 

56 

56 

54 

55 

52 

49 

45* 

25 

54 

52 

58 

57 

53 

53 

52 

53 

53 

52 

5i 

50 

26 

55 

55 

56 

57 

59 

63 

60 

58 

54 

50 

47 

46 

27 

54 

55 

55 

56 

56 

56 

56 

56 

54 

5o 

47 

46 

28 

56 

56 

57 

57 

58 

59 

59 

59 

59 

59 

56 

56 

29 

49 

60 

59 

60 

60 

62 

63 

64 

63 

60 

55 

56 

30 

61 

58 

58 

59 

60 

61 

62 

63 

61 

58 

55 

54 

31 

62 

62 

63 

64 

66 

62 

63 

63 

62 

61 

60 

58 

Monthly? 
mean  £ 

56-3 

57'6 

58*3 

587 

59*1 

59-8 

59*9 

60-5 

597 

58-2 

55-8 

54‘2 

Normal 

56-6 

57*6 

58*3 

587 

59'i 

59*8 

59*9 

60-5 

597 

58-2 

55-8 

54‘5 

t Eye  readings. 
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HORIZONTAL  INTENSITY  —Continued. 
magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

DECEMBER,  1888. 


I3h 

14^ 

i5h 

i6h 

i7h 

1 8^ 

19b 

2011 

2Ih 

22h 

23b 

Mid- 

night. 

Daily 

mean. 

58 

60 

61 

62 

64 

64 

64 

62 

59 

57 

60 

56 

6o-5d 

59 

55 

58 

61 

59 

58 

57 

59 

58 

62 

60 

59 

59-8 

5^ 

58 

57 

57 

59 

61 

59 

57 

57 

58 

59 

59 

597 

59 

58 

58 

61 

59 

58 

57 

56 

56 

58 

58 

58 

590 

57 

60 

60 

59 

59 

54 

54 

55 

54 

50 

49 

54 

57-5 

52 

52 

57 

60 

58 

59 

58 

56 

56 

56 

57 

57 

57‘3 

54 

55 

53 

58 

57 

57 

56 

55 

53 

54 

53 

5i 

57-2 

5o 

5i 

53 

53 

50 

5o 

53 

54 

53 

53 

53 

54 

55'3 

54 

55 

57 

60 

61 

59 

58 

58 

56 

56 

56 

56 

56-8 

53 

54 

57 

60 

60 

59 

59 

58 

58 

58 

58 

58 

57'9 

5i 

53 

56 

58 

59 

59 

59 

58 

58 

57 

57 

58 

57-8 

57 

57 

57 

58 

58 

60 

60 

60 

60 

59 

59 

60 

59'5 

52 

53 

54 

55 

54 

56 

55 

53 

53 

52 

56 

56 

57’4 

54 

58 

58 

60 

59 

57 

56 

52 

42* 

48 

48 

53 

57-3 

55 

5i 

5i 

55 

55 

55 

56 

54 

55 

53 

55 

56 

546 

48 

54 

57 

58 

56 

57 

57 

58 

57 

55 

61 

57 

55-8 

53 

52 

55 

59 

60 

58 

54 

56 

56 

56 

58 

57 

56-5 

56 

58 

60 

61 

59 

59 

56 

57 

56 

55 

56 

57 

58-0 

56 

58 

59 

59 

57 

58 

56 

55 

54 

54 

54 

55 

57-2 

55 

57 

60 

60 

60 

59 

58 

58 

57 

57 

57 

58 

58-0 

54 

54 

54 

54 

55 

55 

54 

53 

' 52 

52 

53 

58 

56*3 

57 

**8 

59 

60 

59 

59 

58 

57 

57 

57 

59 

60 

58-9 

53 

57 

60 

60 

60 

69* 

60 

40* 

37* 

33* 

43* 

42* 

54'9 

49 

54 

60 

56 

56 

55 

55 

50 

49 

- 52 

48 

56 

527 

52 

54 

57 

56 

57 

55 

57 

55 

57 

53 

54 

56 

54-2 

50 

54 

58 

58 

58 

57 

57 

55 

54 

54 

54 

54 

55-i 

52 

57 

58 

59 

58 

59 

58 

57 

57 

56 

56 

56 

55'2 

56 

60 

60 

60 

61 

60 

60 

61 

60 

60 

59 

59 

58-6 

57 

60 

59 

59 

61 

61 

61 

62 

62 

60 

58 

58 

59‘5 

59 

61 

63 

61 

61 

60 

60 

60 

59 

59 

59 

58 

59*6 

58 

57 

57 

55 

55 

56 

56 

56 

56 

56 

57 

57 

59‘3 

54*4 

56-0 

57*5 

58-4 

58-2 

58-2 

57-4 

56*0 

55*i 

54-8 

55-6 

56*2 

57*34 

54’4 

56-0 

57-5 

58-4 

58-2 

57-8 

57-4 

56-6 

56-2 

55-6 

560 

567 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0-000109  in  parts  of  H.  All 

JANUARY,  1889. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

2h 

3h 

4h 

5h 

6b 

7h 

8b 

9b 

IOh 

1 1 11 

Noon. 

1 

56 

57 

58 

58 

59 

59 

60 

63 

60 

6l 

58 

55 

2 

56 

54 

54 

54 

56 

57 

59 

59 

60 

58 

58 

57 

3 

58 

58 

59 

58 

58 

58 

58 

60 

62 

60 

54 

54 

4 

59 

60 

59 

59 

60 

59 

60 

59 

58 

57 

55 

57 

5 

58 

58 

58 

58 

58 

59 

59 

58 

55 

[53] 

[50] 

[50] 

6 

[55] 

[56] 

[56] 

[56] 

[57] 

[58] 

[60] 

[60] 

[59] 

57 

54 

53 

7 

56 

62 

58 

60 

60 

62 

62 

62 

60 

52 

47 

46 

8 

53 

54 

55 

56 

56 

58 

58 

59 

58 

54 

5i 

54 

9 

59 

60 

60 

59 

60 

62 

62 

62 

61 

56 

52 

52 

10 

60 

62 

62 

64 

61 

60 

62 

62 

63 

58 

52 

50 

11 

56 

55 

61 

59 

60 

59 

60 

60 

63 

59 

54 

53 

12 

60 

60 

57 

57 

57 

58 

59 

61 

60 

57 

53 

56 

13 

56 

58 

58 

58 

58 

57 

57 

59 

59 

59 

54 

54 

*4 

55 

56 

56 

58 

58 

59 

62 

61 

61 

58 

56 

58 

IS 

58 

57 

58 

58 

59 

61 

61 

62 

63 

64 

63* 

61 

16 

58 

58 

59 

59 

60 

60 

61 

60 

58 

54 

53 

56 

17 

58 

58 

58 

60 

61 

62 

62 

61 

60 

57 

56 

.56 

18 

58 

58 

59 

59 

60 

60 

62 

63 

63 

60 

61 

59 

19 

57 

57 

58 

58 

59 

60 

60 

60 

58 

52 

5i 

54 

20 

54 

57 

59 

60 

60 

66 

63 

63 

54 

52 

53 

47 

21 

5i 

5o 

5i 

5i 

54 

54 

53 

55 

53 

56 

55 

52 

22 

5i 

52 

5i 

53 

54 

54 

54 

52 

5i 

49 

48 

49 

23 

52 

53 

53 

53 

53 

52 

55 

56 

52 

48 

42* 

42* 

24 

52 

52 

54 

54 

54 

55 

54 

54 

55 

54 

52 

5i 

25 

55 

54 

55 

55 

55 

55 

55 

57 

56 

52 

48 

47 

26 

54 

55 

56 

55 

57 

57 

57 

59 

59 

56 

52 

52 

27 

56 

56 

56 

56 

57 

58 

59 

61 

64 

62 

58 

55 

28 

55 

53 

54 

55 

56 

60 

60 

60 

61 

57t 

54 

52 

29 

59 

56 

56 

57 

57 

:8 

59 

62 

61 

60 

57 

57 

30 

57 

57 

57 

57 

58 

58 

59 

58 

60 

60 

54 

52 

3i 

53 

52 

53 

54 

55 

55 

57 

58 

59 

58 

57 

58 

Monthly) 
mean  $ 

56-0 

56-3 

567 

57‘0 

57-6 

58*4 

590 

595 

58-9 

56-5 

53*6 

53-2 

Normal 

5.6-0 

56*3 

567 

570 

57-6 

58-4 

59'° 

595 

58-9 

56-5 

537 

53*6 

t Eye  readings. 
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HORIZONTAL  INTENSITY— Continued. 
magnetometer  of  the  Los  Angeles  Magnetic  Observatory . 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

JANUARY,  1889. 


I3h 

1411 

i5h 

1 6b 

i7h 

i8h 

19b 

20“ 

2Ih 

22h 

23b 

Mid- 

night. 

Daily 

mean. 

S8 

56 

57 

56 

53 

48 

48 

50 

52 

52 

5i 

57 

55*9d 

58 

60 

58 

57 

56 

56 

56 

56 

57 

56 

57 

57 

569 

*6 

58 

58 

59 

58 

59 

58 

58 

57 

58 

58 

58 

58-0 

S8 

60 

61 

61 

58 

58 

57 

56 

57 

57 

57 

57 

58-3 

[52] 

[54] 

[55] 

[56] 

[55] 

[54] 

[54] 

[54] 

[54] 

[54] 

[54] 

[54] 

[552] 

58 

61 

63 

65  ‘ 

62 

60 

60 

60 

59 

58 

58 

58 

[58-5] 

55 

60 

61 

57 

58 

53 

53 

51 

5o 

48 

55 

53 

55-9 

58 

63 

63 

61 

62 

61 

59 

6l 

61 

60 

59 

59 

58-0 

56 

58 

57 

58 

59 

58 

57 

59 

60 

59 

60 

60 

58-6 

56 

59 

57 

57 

56 

60 

58 

59 

58 

58 

57 

56 

58-6 

56 

58 

59 

59 

57 

55 

56 

54 

57 

57 

57 

56 

57-5 

55 

56 

59 

56 

56 

57 

57 

58 

59 

55 

57 

57 

57-4 

56 

58 

58 

57 

57 

56 

57 

56 

56 

57 

56 

56 

57-o 

58 

58 

58 

57 

57 

57 

57 

57 

57 

58 

58 

58 

57-8 

60 

61 

60 

60 

59 

58 

59 

58 

58 

58 

58 

58 

597 

59 

61 

62 

62 

60 

60 

59 

59 

60 

60 

59 

59 

59-o 

58 

59 

61 

62 

61 

59 

60 

59 

59 

59 

58 

57 

59-2 

61 

63 

63 

60 

59 

59 

58 

57 

58 

57 

57 

57 

59-6 

60 

63 

54 

65 

62 

60 

59 

58 

58 

5i 

48 

49 

571 

47 

46* 

48* 

49* 

49 

46* 

49 

45* 

45* 

47 

45* 

54 

52-4 

54 

56 

54 

54 

53 

54 

53 

52 

52 

55 

52 

52 

53-2 

52 

53 

55 

55 

53 

52 

52 

5i 

50 

50 

50 

52 

518 

5i 

55 

58 

58 

56 

54 

55 

54 

53 

53 

52 

5i 

52-5 

52 

55 

58 

58 

57 

55 

55 

55 

55 

54 

54 

53 

54-3 

48 

52 

57 

58 

56 

53 

5° 

53 

54 

54 

55 

54 

537 

53 

53 

54 

56 

58 

57 

57 

56 

56 

56 

55 

55 

557 

52 

52 

55 

58 

62 

62 

60 

59 

57 

57 

57 

56 

577 

52 

54 

55 

56 

58 

59 

59 

58 

57 

58 

57 

54 

56'4 

55 

54 

56 

59 

58 

58 

59 

59 

57 

57 

56 

55 

57-6 

52 

56 

55 

56 

55 

54 

55 

55 

53 

54 

54 

54 

55-8 

59 

57 

58 

59 

56 

55 

55 

53 

56 

56 

56 

56 

56-0 

55 -3 

57-i 

57*6 

581 

57'3 

56-4 

56-2 

55-8 

55'9 

55-6 

55*4 

55‘5 

56-62 

55*3 

57  4 

58-0 

58-4 

573 

567 

56-2 

56-2 

56-2 

556 

557 

555 
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DIFFERENTIAL  MEASURES— 

Hourly  readings  from  the  photographic  traces  of  the  hifilar 

[Local  mean  time.  200  divisions  plus  tabular  quantity,  one  division  = 0-000109  in  parts  of  H.  All 

FEBRUARY,  1889. 


[For  the  explanation  of  these  tables  see  pp.  53,  54.] 


Day. 

lh 

2h 

3h 

4h 

5h 

6^ 

7h 

8k 

9h 

IOh 

1 ih 

Noon. 

1 

56 

56 

57 

58 

58 

58 

58 

58 

58 

57 

54 

53 

2 

55 

55 

55 

56 

56 

57 

57 

56 

55 

52 

5i 

5i 

3 

5« 

58 

58 

59 

59 

60 

60 

60 

61 

56 

48 

50 

4 

53 

54 

54 

54 

55 

55 

54 

54 

54 

52 

49 

48 

5 

55 

57 

57 

58 

58 

58 

58 

58 

58 

57 

54 

54 

6 

56 

56 

57 

59 

59 

59 

58 

59 

60 

60 

56 

54 

7 

54 

55 

56 

57 

59 

60 

58 

67* 

67* 

64 

62 

59 

8 

52 

58 

56 

55 

54 

57 

56 

54 

52 

48 

49 

52 

9 

55 

56 

56 

57 

58 

58 

59 

58 

58 

56 

53 

50 

10 

57 

57 

57 

57 

57 

58 

58 

59 

59 

58 

56 

55 

11 

57 

57 

58 

58 

58 

58 

57 

56 

57 

56 

53 

5o 

12 

56 

57 

57 

57 

57 

57 

58 

56 

57 

53 

49 

5o 

13 

56 

57 

58 

58 

60 

60 

59 

59 

56 

[57] 

5«t 

58 

14 

59 

59 

58 

59 

59 

60 

59 

61 

63 

61 

61 

60 

15 

56 

56 

56 

56 

57 

56 

56 

56 

55 

53 

5i 

52 

16 

55 

55 

55 

55 

55 

55 

53 

55 

53 

52 

52 

5i 

17 

52 

52 

52 

55 

58 

57 

54 

57 

56 

52 

5i 

5i 

18 

5i 

52 

5i 

53 

53 

5i 

52 

54 

52 

52 

5i 

45 

19 

53 

52 

53 

53 

53 

53 

54 

54 

55 

55 

54 

53 

20 

53 

5i 

52 

52 

52 

52 

53 

5i 

50 

5i 

50 

49 

21 

54 

54 

54 

54 

54 

54 

55 

55 

55 

54 

54 

54 

22 

56 

56 

56 

57 

56 

56 

57 

58 

57 

57 

56 

53 

23 

56 

56 

56 

57 

57 

56 

56 

56 

57 

56 

56 

56 

24 

57 

57 

57 

58 

59 

59 

59 

59 

58 

58 

58 

58 

25 

58 

58 

59 

59 

59 

59 

59 

59 

59 

58 

58 

59 

26 

58 

58 

58 

57 

57 

58 

59 

59 

59 

59 

59 

59 

27 

57 

58 

58 

58 

59 

58 

57 

58 

59 

56 

59 

59 

28 

58 

58 

58 

59 

58 

58 

58 

58 

58 

58 

59 

60 

Monthly? 

mean  £ 
Normal 

55-5 

55-9 

560 

56-6 

56*9 

57-o 

56-8 

57*3 

57*i 

55*6 

54-3 

537 

55*5 

55*9 

56-0 

56-6 

56-9 

57*o 

568 

56-9 

567 

55*6 

54-3 

537 

t Mirror  changed  by  observer  between  9 and  11  a.  m.,  requiring  a correction  of  — 16-0  divisions  to 
all  subsequent  readings  for  change  of  zero  of  scale;  this  has  been  applied. 
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HORIZONTAL  INTENSITY— Continued. 
magnetometer  of  the  Los  Angeles  Magnetic  Observatory. 

readings  referred  to  standard  temperature  of  magnet.  Increasing  numbers  indicate  increasing  force.] 

FEBRUARY,  1889. 


i3h 

Hh 

I5h 

i6h 

i;h 

18* 

I9h 

20h 

2Ih 

22h 

23b 

Mid- 

night. 

Daily 

mean. 

57 

59 

59 

57 

56 

56 

55 

55 

55 

55 

56 

55 

56-5d 

54 

54 

55 

56 

55 

55 

55 

54 

57 

56 

56 

56 

55*0 

5o 

54 

55 

56 

55 

55 

55 

54 

54 

54 

53 

53 

55-6 

49 

5o 

54 

56 

59 

58 

58 

57 

56 

56 

55 

55 

54‘i 

54 

56 

58 

59 

59 

59 

57 

55 

53 

54 

55 

55 

56-5 

57 

58 

57 

53 

53 

52 

52 

5i 

53 

56 

54 

53 

55'9 

56 

56 

52 

5<> 

54 

55 

56 

55 

50 

52 

53 

52 

56-9 

49 

52 

54 

57 

57 

57 

57 

55 

55 

55 

55 

55 

54-2 

5i 

54 

57 

57 

57 

56 

55 

55 

55 

55 

55 

56 

557 

54 

56 

57 

58 

59 

58 

58 

57 

57 

56 

57 

57 

57*2 

5i 

53 

55 

56 

56 

56 

56 

55 

56 

56 

56 

56 

557 

53 

56 

58 

59 

60 

59 

59 

58 

58 

57 

57 

56 

56-4 

60 

60 

61 

61 

61 

61 

61 

61 

61 

61 

60 

60 

[59-3] 

60 

57 

57 

56 

57 

58 

59 

58 

58 

58 

57 

57 

58-8 

53 

54 

55 

55 

54 

52 

54 

53 

52 

5i 

53 

54 

54-2 

5o 

5i 

52 

55 

54 

55 

54 

54 

53 

53 

52 

52 

53‘4 

5i 

52 

50 

48 

5i 

52 

5o 

5i 

5i 

47 

50 

5o 

52-1 

43* 

47 

5i 

53 

53 

52 

54 

52 

52 

53 

53 

52 

513 

5i 

50 

50 

53 

52 

52 

53 

5i 

5o 

5i 

5i 

52 

52-4 

50 

52 

54 

55 

54 

55 

54 

54 

54 

54 

53 

54 

52-5 

54 

54 

53 

56 

56 

56 

55 

56 

56 

56 

56 

56 

54-8 

54 

56 

55 

57 

55 

5i 

5i 

52 

53 

54 

54 

55 

55-i 

56 

56 

56 

57 

58 

58 

58 

57 

57 

57 

57 

57 

56-6 

57 

56 

58 

58 

59 

59 

59 

58 

57 

58 

58 

59 

58-0 

fi 

59 

61 

60 

60 

60 

59 

59 

59 

58 

58 

58 

58-9 

58 

59 

58 

58 

60 

59 

57 

58 

57 

58 

56 

57 

577 

56 

57 

59 

60 

58 

59 

57 

58 

59 

58 

58 

58 

58-0 

61 

62 

59 

62 

62 

60 

59 

55 

5i 

5i 

54 

57 

58-0 

539 

55-o 

557 

56-6 

56-6 

56-2 

56-0 

55-3 

55*0 

55*o 

55-i 

55*2 

5576 

54*3 

55-o 

557 

56-6 

56*6 

56-2 

56-0 

55*3 

55-o 

55‘o 

55-i 

55-2 

o 


APPENDIX  No.  5.— 1891. 


ON  THE  MAGNETIC  OBSERVATIONS  MADE  DURING  BERING’S  FIRST 
VOYAGE  TO  THE  COASTS  OF  KAMCHATKA  AND  EASTERN  ASIA  IN  THE 
YEARS  1725  TO  1730. 


Submitted  for  publication  as  a Bulletin,  December  12,  1890,  and  first  published 

February  26,  1891.* 

Discussion  by  C.  A.  Schott,  Assistant,  and  Chief  of  the  Computing  Division. 


The  observations  for  the  “ variation  of  the  compass”  made  by 
Captain  Bering  along  the  coast  of  Kamchatka  and  northeasterly  to 
the  strait  named  after  him  derive  their  special  value  from  the  fact  that 
they  were  made  on  a voyage  of  discovery,  and  are  therefore  the  first 
ones  itl  this  region  available  for  discussion  of  the  secular  variation  of 
the  declination.  The  observations  are  quite  numerous ; they  extend 
over  the  western  part  of  Bering  Sea  and  from  Cape  Lopatka,  Kam- 
chatka, to  East  Cape,  Siberia.  Attention  was  first  called  to  them  by 
Dr.  W.  H.  Dali,  of  the  IT.  S.  National  Museum,  in  a letter  addressed  to 
the  Superintendent  of  the  U.  S.  Coast  and  Geodetic  Survey  and  dated 
June  23,  1890. 

The  magnetic  declinations  given  below  I have  extracted  from  Bering’s 
log  book  of  his  first  expedition  from  Okhotsk  to  East  Cape,  between 
the  years  1725  and  1730.  The  record  is  from  the  version  of  Peter  Chap- 
lin (Tchaplin),  printed  in  Russian  by  Yasili  Bergh  in  1823,  and  ren- 
dered into  English  by  W.  H.  Dali,  who  presented  his  manuscript, 
together  with  two  original  charts,  to  the  Superintendent  of  the  Survey. 

The  names  of  the  observers  are  not  given,  but  the  declinations  are 
supposed  to  have  been  recorded  by  one  or  the  other  of  the  principal 
officers,  viz,  Vitus  Ivanovich  Bering,  fleet  captain;  Martin  Spanberg 
and  Alexie  Cliirikoff,  lieutenants;  Peter  Chaplin,  midshipman,  and 
Feodor  Luzhin,  surveyor. 

With  perhaps  two  exceptions,  the  observations  were  made  on  board 
ship,  and  by  the  method  of  the  sun’s  amplitude  when  rising  or  setting. 
Dr.  Dali’s  manuscript  contains  a table  of  the  principal  dates  of  the 

* It  lias  been  deemed  desirable  to  republish  this  paper  in  order  to  give  it  a perma- 
nent form  as  a contribution  of  value  to  our  knowledge  of  the  secular  variation  of 
the  magnetic  declination. 
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expedition  in  new  style  and  civil  count,  yet  the  Gregorian  dates 
assigned  by  me  to  the  magnetic  observations  may  be  out  one  day  (pos- 
sibly two)  for  want  of  sufficient  information  as  to  the  part  of  day 
intended  (Bering  counted  from  noon).  Bespecting  the  ship’s  position, 
the  log  or  narrative  is  not  sufficiently  explicit  to  enable  us  to  plot  the 
courses  sailed  over.  I have,  therefore,  retained  the  observed  latitudes 
given  in  connection  with  the  declinations  and  supplied  the  longitudes 
as  well  as  I could  from  modern  data.  The  geographical  positions  of 
the  magnetic  stations  are,  therefore,  approximations $ yet  they  are  near 
enough  for  the  purpose  in  hand.  The  longitudes  are  reckoned  to  180° 
east  and  west  from  Greenwich,  and  the  dates  for  those  places  whose 
longitude  exceeded  180°  east  were  diminished  by  one  day  in  order  to 
correspond  to  Western  (American)  reckoning. 

Magnetic  observations  made  by  Bering  in  Kamchatka  and  along  the  East- 
ern  Coast  between  the  southern  point  of  Kamchatka  and  Bering  Strait , 
Eastern  Siberia. 


No. 

Locality. 

Lati- 

tude. 

Longitude. 

Year. 

Date. 

Declination 

east. 

o / 

0 / 

0 / 

i 

Bolsheretsk,  southwest’n  Kam- 

52  45 

156  45  E. 

1727 

Sept. 

15 

10  28 

chatka. 

2 

Upper  Kamchatka,  settlement. 

54  28 

159  00  E. 

1728 

Feb. 

6 

11  34 

3 

Off  the  Cape,  near  Lower  Kam- 

56  03 

162  40  E. 

1728 

July 

24 

13  10 

chatka,  settlement. 

4 

Off  Cape  Kamchatka  (near 

56  30 

163  40  E. 

1728 

July 

25 

14  45 

Cape  Stolbovi). 

5 

Between  Capes  Kamchatka  and 

57  00 

163  30  E. 

1728 

July 

26 

16  59 

Ozernoi. 

6 

Off  Ukinskoi  Point. 

57  59 

163  00  E. 

1728 

July 

27 

18  48 

7 

Off  Cape  Oliutorsk. 

60  16 

171  30  E. 

1728 

July 

3i 

16  56 

8 

Southwest  of  Cape  Omchinski. 

61  03 

174  00  E. 

1728 

Aug. 

2 

/ 19  37 
l 25  24* 

9 

West  of  Cape  Omchinski. 

61  32 

176  00  E. 

1728 

Aug. 

4 

24  oo(?) 

IO 

Off  Bay  of  St.  Gabriel  (off  Cape  \ 
N&varin).  * J 

62  15 

180  00 

1728 

Aug. 

6 

f 21  05 
\ 21  15 

n 

Off  Cape  Chukotski  Nos. 

64  10 

173  00  W. 

1728 

Aug. 

19 

f 26  38 
I26  54 

12 

Off  Cape  Chaplin  or  Indian 

64  59 

171  45  W. 

1728 

Aug. 

22 

25  3i 

Point. 

f 26  20 
\ 27  02 

13 

Off  St.  Laurence  Island. 

64  10 

172  00  W. 

1728 

Aug. 

28 

14 

About  25  miles  east  of  Cape 

62  20 

179  50  w. 

00 

Aug. 

3i 

20  00 

Thaddeus. 

15 

1 

! 

r 

61  44 

179  00  E. 

1728 

Sept. 

2 

18  40 

l6 

! Off  the  Coast,  between  Capes  J 

61  30 

178  00  E. 

1728 

Sept. 

3 

18  53(?) 
r 18  32 

1 18  15 

17 

Thaddeus  and  Kamchatka,  j 

60  18 

174  00  E. 

1728 

Sept. 

5 

18 

! ■ 1 

5t  3S 

1 65  00  E. 

1728 

Sept. 

9 

16  27 

l9 

Off  CapC  Kronotzki. 

54  07 

1 63  00  E. 

1729 

June 

19 

11  50 

20 

Off  Cape  Tschipunski  (Shi- 1 
punski).  / 

53  13 

161  00 E. 

1729 

June 

20 

/ 8 31 
l 8 46 

21 

Kronotzki  Bay. 

54  12 

162  00 E. 

1729 

July 

3 

In  50 
\ 10  47 

22 

Off  Coast  south  of  Petropav- 

52  01 

158  00  E. 

1729 

July 

9 

7 42 

lovsk. 

23 

Off  Cape  Lopatka,  east  of  it. 

52  18 

156  30  E. 

1729 

July 

13 

11  00 

* Excluded. 
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For  the  purpose  of  utilizing  these  observations  for  the  investigation 
of  the  secular  variation  of  the  declination  and  for  forming  an  estimate 
of  their  intrinsic  value,  it  will  be  necessary  to  express  them  by  an  inter- 
polation formula  depending  on  the  latitude  and  longitude  of  the  mag- 
netic stations. 

It  suffices  to  take  four  terms  of  the  general  formula  usually  applied 
in  such  cases,  viz : 

D = 1)^  u + A (p.v  + AX  cos  cp.  w + A cp2.  x + A A2  cos2  cp . y 

where  D = resulting  declination,  an  approximate  value  for  the  nor- 
mal position,  (po  and  A0,  and  u a correction  to  it. 

cp  = latitude  o£  any  station. 

A cp  = cp  — (p0  = difference  in  latitude,  cp0  being  the  adopted  normal 
latitude. 

AX  = X — A0  = difference  in  longitude,  A0  being  the  adopted  nor- 
mal longitude. 

u = a constant  and  v,  w,  x7  and  y coefficients  to  be  determined 
by  the  method  of  least  squares  from  the  observations  them- 
selves. 

In  order  to  shorten  the  labor  in  the  application  of  this  formula,  the 
observations,  after  having  been  plotted  on  illustration  No.  26,  Coast 
and  Geodetic  Survey  Report  for  1888-?89  (Isogonic  chart  of  Alaska  and 
adjacent  regions),  were  found  readily  to  group  themselves  for  average 
values,  as  follows : 


Numbers. 

<P 

X (east). 

D (east). 

0 

0 

0 

23,  1,22 

52-36 

157-08 

972 

2,  20,  21,  19 

54-oo 

161-25 

10-84 

3,4,5,6,18 

57-02 

163-56 

16-03 

7,  17,8 

60-54 

I73-I7 

18-31 

15, 10, 14 

6210 

179-72 

19-95 

ii,  13,  12 

64-44 

I87-75 

26-32 

Mean. 

<£>0=58-41 

A0=  170  -42 

Di  = i6*86 

Observations  Nos.  9 and  16  of  the  general  table  were  omitted  as  defective  or  locally 
affected. 

The  observation  equations  and  the  five  normal  equations  were  formed 
and  solved,  whence  the  east  declination  for  the  epoch  1728*5. 

D = 15°*25  -f  1*929  A cp  — 0*436  A X cos  cp 

- 0*1242  A <p2  + 0*1172  A A2  cos2*? 

where  Acp  = cp  — 58°*41 

AX  = X -1700*42  (east). 
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This  equation*  satisfies  the  observations,  as  follows: 


No. 

Observed 
D (east). 

Computed 
D (eastj. 

Diff.  0— C. 

No. 

Observed 
D (east). 

J Computed 
D (east*). 

1 

Diff.  0— C.| 

i 

o 

0 

0 

O 

0 

° ! 

i 

io-47 

1 1-98 

— i*5i 

13 

26-68 

25-78 

+ 0-90  1 

2 

n-57 

I3-79 

— 2*22 

14 

2000 

21*34 

— i-34 

3 

i3-i7 

14-07 

— O9O 

15 

18-67 

20-46 

— 1-79 

4 

14-75 

14-37 

+ °"38 

16 

13-88  (?) 

19-98 

(—  6-io)? 

5 

16-98 

I5-58 

+ i'40  1 

17 

18-40 

18-06 

+ o*34 

6 

18-80 

■1791 

+ 0-89 

18 

i6-45 

15-83 

-f  0-62 

7 

*6*93 

18*21 

— 1-28 

19 

11  83 

8-78 

+ 3-05 

8 

19-62 

1909 

+ o-53 

20 

8-64 

809 

+ o-55 

9 

24-00  (?) 

19-73 

(+4-27)? 

21 

11-30 

9-92 

+ i-38 

IO 

21-17 

21-21 

— 004 

22 

7-70 

8-04 

— 0*34 

n 

12 

26-77 

25-52 

25*22 

25-95 

+ i-55 
— 0-43 

23 

1 1 00 

11*00 

0-00 

The  probable  error  of  a single  observation  is  given  by  the  expression 


0-674  /W  = 0-674 
V n-v 


j 


33-34 

21-5 


± 00-97 


but  if  we  admit  the  differences  of  Nos.  9 and  16  this  value  changes  to 
± l°-50.  We  may  fairly  ascribe  a probable  uncertainty  of  + 1J°  to 
Bering’s  records,  which,  considering  the  times,  must  be  taken  as 
evidence  of  carefully  made  observations. 

The  expression  for  the  distribution  of  the  declination,  as  resulting 
from  Bering’s  records,  can  be  brought  to  bear  with  good  effect  on 
the  formulae  deduced  for  the  secular  variation  at  three  stations. 
They  are  Petropavlovsk,  Kamchatka,  Port  Clarence,  and  Chamisso 
Island,  Alaska.  Beferring  for  further  information  to  Appendix  No.  7, 
Coast  and  Geodetic  Survey  Beport  for  1888,  the  formulae  there  given 
should  be  changed  to  the  following: 


For  Petropavlovsk  <p= 53°  OF  A = 158°  43'  E. 

For  Port  Clarence  <p=65°  16'  A = 166°  50'  W. 

For  Chamisso  Is’d  g>=66°  13'  A = 161°  49'  W. 

D = — 5° *53  + 3° *62  sin  (l*15m  + 54°-6) 

D = — 26°  *09  -f  4°  -41  sin  (1*2  m + 4°  *6) 

D =— 29°*88-f  4U*35  sin  (1-2  m-f-  2°*6) 

where  m = year  — 1850  and  D = resulting  declination  tor  that  year, 
the  negative  sign  indicating  east  declination. 

For  these  places  we  have  from  Bering’s  observations,  as  discussed 
above,  the  declinations  — 10°T,  — 29°T,  and  — 32°*6,  respectively,  for 
1728,  results  which  are  fairly  represented  by  the  above  local  formulae. 

* A trial  was  made  to  introduce  an  additional  term  (depending  on  cos  <p ), 

but  it  was  found  that  the  observations  were  not  accurate  enough  to  bear  such  a term, 
the  effect  of  it  producing  an  aceord  entirely  artificial. 
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While  the  secular  change  expression  for  Petrop^vlovsk  is  greatly  im- 
proved, that  for  Port  Clarence,  and  consequently  also  the  expression 
for  Chamisso  Island,  in  its  vicinity,  is  totally  changed.  This  is  due  to 
the  extension  of  the  latter  formula}  over  an  additional  century;  yet 
modern  observations  are  greatly  needed  before  we  can  have  some  assu- 
rance that  we  are  making  substantial  improvements.  It  is  only  by 
taking  advantage  of  all  information  we  can  get  that  our  knowledge  of 
the  laws  of  the  secular  variation  gradually  attains  accuracy. 

H.  Ex.  43,  pt.  2—18 


APPENDIX  NO.  6—1891. 


ON  THE  REDUCTION  OF  HYDROMETER  OBSERVATIONS  OF 
SALT-WATER  DENSITIES. 


Submitted  for  publication,  February  18,  1890,  by  O.  H.  Tittmann,.  Assistant, 
in  charge  of  the  Office  of  Standard  Weights  and  Measures. 

Revised  for  republication,  February  1,  1892. 


The  hydrometers  heretofore  in  use  in  the  Coast  and  Geodetic  Survey 
for  determining  the  density  of  ocean  water  are  described  in  Appendix 
16,  Coast  Survey  Report  for  1874.  They  are  of  glass,  of  the  usual 
form,  and  are  decimally  divided  on  the  stem.  Each  hydrometer  is  ac- 
companied by  a copper  vessel  for  holding  the  water,  to  which  a ther- 
mometer is  attached  with  the  apparatus  described  in  that  appendix. 
Fahrenheit  thermometers  were  used,  and  the  densities  given  by  the 
graduation  of  the  hydrometer  were  referred  to  pure  water  at  60°  F. 

The  introduction  of  the  centigrade  scale  and  of  a graduation  to  give 
densities  referred  to  pure  water  at  4°  C.  necessitates  the  publication  of 
a convenient  table  for  reducing  the  observations  to  the  temperature  of 
15°  C.,  recently  adopted  by  this  Survey  and  by  the  U.  S.  Fish  Commis 
sion.  The  hydrometers  hereafter  issued  will  be  standardized  at  this 
temperature. 

The  following  table  for  the  reduction  of  observed  densities  to  15°  C. 
is  taken  from  Dittmar,  Physics  and  Chemistry,  Challenger  Expedition, 
Yol.  1,  after  applying  to  his  densities  one-half  of  the  correction  given 
by  him  for  reducing  them  to  Thorpe  and  Rucker’s  results.  The  tem- 
perature at  which  the  density  of  the  standard  water  is  1*02600  has  been 
shifted  from  15°*56  to  15°  C.  for  the  sake  of  getting  an  integer  number. 
The  table  has  been  rearranged  so  as  to  give  the  densities  of  the  stand- 
ard water  multiplied  by  1000  for  whole  degrees  and  tenths  from  0o  to 
30°*9  C.  on  one  page. 

The  ratio  designated  cp  (t)  by  Dittmar  is  omitted,  and  only  its  recip- 
rocal is  given  in  the  column  headed  m.  The  values  there  given  apper- 
tain to  the  temperatures  on  the  same  horizontal  lines  given  in  the  first 
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column.  The  use  of  this  function  is  illustrated  in  the  examples  in 
which  it  appears  as  a multiplier  for  the  purpose  of  allowing  for  the 
different  rates  of  expansion  between  standard  Avater  and  the  water  the 
density  of  which  is  being  determined. 

The  last  column  has  been  added  to  this  table  for  convenience,  and 
gives  the  correction  for  change  in  the  volume  of  the  hydrometer  itself. 
The  values  given  have  been  computed  for  the  mean  reading  1026,  and 
with  the  assumed  coefficient  of  cubical  expansion  for  glass  a = -000025. 

The  use  of  the  table  will  appear  from  the  following  examples: 


Example. 

I. 

II. 

o 

23-0 
— 01 

O 

10-5 
— -2 

Obs.  temp. 

Corr.  to  thermometer. 

229 

IO3 

Corrected  temp.  = t. 

1021-00 
0-20 

1029*29 
+ -12  , 

Observed  hydr.  reading. 

Corr.  for  expansion  of  hydr.  = a. 
Corr.  for  hydrometer  constant. 

I020'80 

1023*99 

1029-41 

1026-92 

Observed  density  at  /=OD. 

Density  of  standard  water  at  t—  SD. 

— 3-19 
1-018 

+ 2-49 
•987 

OD  -SD. 
m,  tabular  multiplier. 

— 3*25 
102600 

+ 2-46 
102600 

m (OD  — SD.) 

Standard  water  at  150  C. 

1022-75 

1028-46 

Corrected  density  at  150. 

For  observations  which  have  been  reduced  to  60°  F.,  made  with  the 
old  hydrometers  indicating  densities  referred  to  pure  water  at  60°  F., 
it  will  suffice  to  subtract  the  constant  0-82  from  the  result  in  order  to 
convert  the  latter  into  absolute  densities  at  15°  O. 

Example : Given  1024-00  the  density  of  salt  water  at  60°  F.  referred 
to  pure  water  at  60°  F.,  1024-00  — 0-82  = 1023-18  its  density  at  15°  C. 


Table  for  Reducing  Densities  of  Sea  Water  to  15° 
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Appendix  no.  7— i89i. 


0 N AN  INVESTIGATION  OF  THE  RELATIONS  OF  COLD  AND  WARM  OCEAN 
CURRENTS  OFF  THE  NEW  ENGLAND  COAST,  BY  THE  U.  S.  FISH  COM- 
MISSION, WITH  THE  COOPERATION  OF  THE  U.  S.  COAST  AND  GEO- 
DETIC SURVEY. 


By  WiIlIaM  LIbbey,  jr.,  IJ.  S*  Fisii  Commission. 
Submitted  for  publication  December  21,  1891. 


Through  the  courtesy  of  the  IT.  S.  Coast  Survey,  the  steamer  Blake , 
Lieut.  C.  E.  Vreeland,  IT.  S.  N.,  assistant,  Coast  and  Geodetic  Survey, 
commanding,  was  detailed  to  investigate  the  relations  of  the  cold  and 
warm  currents  off  the  New  England  coast,  under  the  direction  of  the 
writer,  in  connection  with  the  work  of  the  U.  S.  Fish  Commission 
during  the  summer  of  1890. 

The  region  chosen  for  study  was  that  lying  between  Block  Island,  on 
the  west,  and  the  eastern  border  of  Nantucket  Island,  on  the  east,  and 
extended  150  miles  to  the  southward  from  these  two  islands.  Between 
the  eastern  and  western  limits  given  above  ten  lines  were  laid  out 
nearly  at  right  angles  to  the  coast  and  150  miles  long.  These  lines 
were  thus  located  at  intervals  of  ten  minutes  (of  longitude)  as  nearly 
as  possible,  and  upon  each  of  them  fifteen  stations,  also  at  intervals  of 
ten  minutes  (of  latitude),  were  placed,  where  observations  were  made 
upon  the  temperature  and  density  of  the  water. 

At  each  station  observations  were  made  upon  the  temperature  of  the 
water  at  the  surface  and  at  the  following  intervals  in  depth:  5,  10,  15, 
20,  25,  30,  40,  50,  75,  100,  and  200  fathoms  in  deep  water,  and  the  same 
intervals  were  used  in  shoal  water  as  far  as  possible.  The  specific 
gravity  of  the  water  was  observed  at  the  surface  and  bottom  of  the 
water  in  every  instance,  and  at  intermediate  depths  where  it  was* 
deemed  advisable. 

Work  was  begun  upon  July  9 and  ended  upon  August  4;  of  this  time, 
however,  there  were  only  nineteen  actual  working  days.  Between 
July  9 and  July  16  six  complete  lines  were  run;  between  July  20  and 
July  24  four  more  were  made,  and  between  July  30  and  August  4 
the  remaining  five  were  made.  This  latter  set  of  five  covered  the 
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same  ground  as  tlie  previous  ten,  using  a 20-mile  interval  between  tlie 
lines  instead  of  one  of  10  miles. 

Accompanying  these  observations  a complete  set  of  meteorological 
records  was  made  each  hour  while  we  were  upon  the  ocean.  Upon  the 
first  two  trips  of  the  Blake  I was  assisted  by  Mr.  L.  W.  Mudge,  and  on 
the  last  trip  Prof.  0.  G.  Rockwood,  jr.,  took  my  place,  and  he  and  Mr. 
Mudge  made  the  remaining  observations. 

The  astronomical  work  of  navigation,  the  location  of  stations,  etc., 
was  done  by  the  officers  of  the  Blake , and  we  are  indebted  to  Oapt. 
Yreeland  and  his  associates  for  much  valuable  aid  throughout  the 
whole  time  we  were  upon  the  vessel.  Every  facility  was  rendered  us, 
and  the  resulting  temperature  profiles  show  the  great  advantages  to 
be  derived  from  such  complete  appliances  aud  such  able  and  willing 
cooperation. 

In  all  about  2 500  observations  were  made  upon  the  temperature  of 
the  water  and  500  observations  upon  its  specific  gravity.  In  addition 
there  were  over  6 500  meteorological  observations  recorded.  We  occu- 
pied 225  stations  upon  the  area  where  we  had  planned  to  work,  and 
these  stations  are  shown  upon  the  map  which  will  accompany  the  full 
report  of  our  work.  The  observations  have  all  been  reduced  and  tab- 
ulated for  publication,  and  15  temperature  profiles,  giving  the  tempera- 
ture curves  of  50°,  55°,  60°,  and  70°,  have  been  prepared,  which  show 
the  relations  of  the  cold  and  warm  bodies  of  water  to  one  another  very 
clearly,  and  give  much  more  distinct  ideas  of  their  relative  positions 
at  the  edge  of  the  continental  plateau. 

The  full  report,  which  is  rapidly  nearing  completion,  involves  the 
consideration  of  the  other  observations  made  by  my  parties  in  the 
service  of  the  U.  S.  Fish  Commission,  viz,  the  schooner  Grampus , which 
was  at  work  upon  the  same  area  at  the  same  time,  and  also  a series 
made  upon  the  Nantucket  New  South  Shoal  light  ship. 

The  report  shows  in  brief  that  we  have  to  deal  with  two  different 
sets  of  currents. 

1.  Deep  currents,  flowing  in  two  (generally  opposite)  directions, 
alongside  of  one  another,  whose  courses  are  controlled  more  by  the 
mechanical  influence  of  the  impact  of  one  current  upon  the  other,  their 
relative  velocities,  etc.,  than  by  changes  in  temperature  and  density. 

2.  Surface  currents,  flowing  in  the  same  general  directions  as  the 
deep  currents  and  subject  to  the  same  mechanical  laws,  but  whose 
courses  are  in  addition  affected  to  a very  considerable  degree  by  the 
frictional  influence  of  the  winds,  and  a peculiar  condition  which  has 
not  been  found  to  hold  for  the  deep  currents,  viz,  an  apparent  reversal 
of  portions  of  the  warm  current.  The  outlying  bands  of  warmer  and 
denser  water,  which  pass  off  from  the  shore  side  of  the  Gulf  Stream, 
are  apparently  drifted  toward  the  shore  or  away  from  it  to  an  amount 
dependent  upon  the  direction,  velocity,  and  duration  of  the  winds,  and 
when  they  are  forced  toward  the  shore,  thus  bridging  over  the  colder 
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current,  as  tliey  pass  farther  from  the  source  of  their  original  velocity 
they  are  overpowered  and  reversed.  They  retain  much  of  their  tem- 
perature and  density,  and  this  to  a considerable  depth,  but  their  direc- 
tion is  sometimes  at  right  angles  and  then  opposite  to  that  of  their 
original  course. 

A more  extended  report  upon  the  subject  can  not  be  presented  at 
this  time  without  involving  a discussion  which  would  need  the  help 
of  the  records,  with  the  plates  and  maps  accompanying  them,  to  sup- 
plement the  statements  made.  Enough  has  been  said  to  indicate  the 
nature  of  the  investigation  and  the  important  addition  made  towards 
its  solution  by  the  help  of  the  steamer  Blake . 

The  practical  object  sought  by  the  Fish  Commission  is  to  determine, 
if  possible,  the  physical  conditions  which  control  the  movements  of  the 
•schools  of  fish. 

As  the  temperature  of  the  water  controls  the  growth  and  distribu- 
tion of  the  food  of  the  fish,  the  study  of  the  changes  which  take  place 
in  it  and  of  their  causes  becomes  a matter  of  considerable  imx>ortance. 


APPENDIX  No.  8—1891. 


ON  THE  CHANGES  IN  THE  SHONE  LINES  AND  ANCHORAGE  AREAS  OF 
CAPE  COD  (OR  PROVINCETOWN)  HARBOR  AS  SHOWN  BY  A COMPARI- 
SON OF  SURVEYS  MADE  BETWEEN  1835,  1867,  AND  1890. 


A report  "by  Henry  L.  Marindin,  Assistant. 
Submitted  for  publication  March  28,  1891. 


The  completion  of  the  resurvey  of  Cape  Cod  Harbor # in  1890  has 
enabled  us  to  make  a comparison  with  its  condition  in  1867,  and*for 
parts  of  it  with  the  earlier  survey  of  1835,  and  to  ascertain  what 
changes  have  obtained  in  the  shores  and  depths  of  this  most  important 
harbor  of  refuge. 

In  order  to  realize  the  intrinsic  value  of  this  harbor  as  a port  of 
refuge  we  may  note  the  following  statistics  for  the  fiscal  year  ending 
July  1,  1890,  kindly  furnished  by  Mr.  Myrick  E.  Atwood,  deputy 
collector : 

Number  of  vessels  visiting  this  port  for  shelter,  4 000 

Estimated  value  of  commerce  and  navigation 

seeking  shelter  during  the  year,  $40  000  000 

Number  of  entries  from  foreign  ports,  27 

Tonnage  of  vessels  entered  from  foreign  ports,  4 462 

Number  of  clearances  for  foreign  ports,  20 

Tonnage  of  vessels  cleared  for  foreign  ports,  1 924 

Number  of  vessels  hailing  from  the  port,  122 

For  some  years  prior  to  1867  the  citizens  of  Provincetown  had 
entertained  grave  fears  that  the  harbor  was  being  silted  up  by  the 
movement  of  sands  from  Lancys  Harbor  and  House  Point  Island  flats 
on  one  side,  and  from  East  Harbor  on  the  other  side,  re-enforced  by  such 
material  as  might  find  its  way  into  the  harbor  from  the  south  side  of 
Long  Point. 

In  1867  a call  was  made  on  the  IJ.  S.  Coast  Survey  by  the  Harbor 
Commissioners  of  Massachusetts  for  a resurvey  of  the  harbor  of  Prov- 
incetown ; this  resulted  in  a survey  during  that  year  by  the  party  of 

* The  name  first  given  to  what  is  now  generally  known  as  Provincetown  Harbor. 
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Assistant  Henry  L.  Whiting,  followed  by  a report  published  in  Appen- 
dix No.  12,  Coast  Survey  Report  for  1807. 

In  this  report  Mr.  Whiting  discusses  the  results  of  a comparison 
made  with  the  survey  of  Major  Graham  in  1835.  The  subjects  were 
discussed  under  three  heads:  First,  with  reference  to  changes  at  Long 
Point  and  on  House  Point  Island  flats;  second,  East  Harbor  Inlet  and 
Beach  Point;  and  third,  the  Beaches  at  the  head  of  East  Harbor. 

Some  of  the  recommendations  for  imj)rovement  suggested  by  Mr. 
Whiting  have  been  carried  out.  A dike  was  built  by  the  United 
States  at  the  u wading  place”  at  High  Head  in  1868-?69;  another  dike 
was  built  across  the  outlet  of  East  Harbor  Creek,  by  the  State  of 
Massachusetts,  effectually  cutting  off  the  water  communication  between 
East  Harbor  and  the  bay;  and  in  1870  still  another  dike  was  thrown 
across  the  head  of  Lancys*  Harbor  at  Abel  Hill  to  prevent  the  flow 
of  the  tide  from  Lancys  Harbor  into  the  main  harbor.  This  dike  was 
rebuilt  in  1871. 

A study  of  the  results  of  the  present  comparison  points  decidedly  to 
the  conclusion  that  these  improvements  have  in  great  measure  arrested 
the  forces  which  were  working  towards  the  injury  of  the  harbor.  The 
success  of  the  dike  at  Abel  Hill  in  arresting  the  wash  of  the  sands 
from  Lancys  Harbor,  only  points  with  stronger  emphasis  to  what 
should  be  done  to  arrest  the  wash  of  material  from  House  Point  Island 
flats. 

So  long  as  the  low  and  narrow  sandy  barrier,!  to  the  northward  of 
Wood  End  Light  house,  remains  intact,  the  wash  off*  the  flats  will 
remain  at  a minimum;  but  should  the  seas  make  a breach  through  the 
beach  during  a gale,  there  is  no  telling  what  damage  might  follow,  and 
it  would  seem  the  part  of  prudence  for  the  Government  to  heed  the 
recommendation  made  by  Mr.  Whiting  in  1867,  and  urged  again  in 
1886  by  Major  Gillespie,  U.  S.  Engineers,  that  a dike  be  built  from 
Stevens  Point,  in  Provincetown,  to  Long  Point,  thus  effectually  in- 
closing the  whole  of  House  Point  Island  flats. 

The  preservation  of  Long  Point  (a  natural  mole  guarding'  the  deep- 
water basin  of  the  harbor),  which  has  been  in  charge  of  the  U.  S.  En- 
gineers, should  be  advanced  by  ample  appropriations  from  the  General 
Government. 

In  preparing  this  report  it  was  not  our  intention  to  go  back  to  the 
survey  of  1835,  but  the  manner  of  comparison  by  areas  was  not  pursued 
in  the  report  of  1867,  and  furthermore  the  survey  of  1867  did  not  deter- 
mine the  depth  beyond  the  18-foot  curve;  this  left  out  of  the  compari- 
son all  the  area  of  deeper  water,  and  it  was  deemed  instructive  if  not 

* Lancys  Harbor  is  now  a dry  sand  and  gravel  slough,  the  outlet  into  Herriug 
Cove  having  been  closed  by  the  action  of  the  sea. 

t In  1889  the  width  of  this  beach  from  the  high-water  line  outside  to  the  high- 
water  line  inside  of  the  harbor  was  only  50  feet.  This  width  would  be  reduced  one- 
half  during  a severe  gale  from  the  westward  at  the  time  of  high  water. 
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important  to  know  the  condition  of  this  part  of  the  harbor  in  1835  and 
what  changes  had  taken  place  up  to  1890. 

It  was  necessary,  for  our  purpose,  to  set  off  a part  of  the  bay  as  the 
harbor  projrnr,  and  to  identify  the  limits  on  all  the  surveys  to  be  com- 
pared ; this  was  done  by  drawing  a line  from  Long  Point  light  house 
to  the  summit  of  Mount  Gilboa  as  the  eastern  limit,  and  by  calling  all 
to  the  westward  of  this  line  the  anchorage  ground  to  be  compared. 
This  line  is  indicated  on  the  accompanying  comparative  map  (illustra 
tion  No.  11). 

By  referring  to  this  map,  on  which  the  position  of  the  fathom  curves 
is  given  as  they  existed  in  1867  and  1889-’90,  the  following  detailed 
statement  of  the  changes  in  the  area  of  anchorage  ground  will  more 
readily  be  understood.  We  have  also  indicated  on  the  map,  by  sharp 
contrast  in  shading,  the  places  and  extent  of  shift  of  contour  under 
water  and  also  (as  in  East  Harbor)  the  areas  covered  by  sands  shifted 
by  the  winds  (traveling  dunes). 

In  1835  that  portion  of  the  harbor  with  greater  depth  than  30  feet 
contained  487  acres;  this  was  reduced  to  474  acres  in  1889,  a loss  of  13 
acres  in  54  years,  or  at  the  rate  of  five-hundredths  of  1 per  cent  per 
year.  There  is  reason  to  believe  that  the  greater  share  of  this  reduc- 
tion obtained  before  1867,  at  which  date  the  closure  of  East  Harbor 
and  Lancys  Harbor  had  not  been  effected. 

Between  the  30-foot  curve  and  the  24-foot  curve  the  area  in  1835  was 
51  acres ; in  1889  it  was  58  acres,  an  increase  of  7 acres,  or  at  the  rate 
of  one-tenth  of  1 per  cent  per  year. 

Between  the  24-foot  curve  and  the  18-foot  curve  the  area  was  137 
acres  in  1835  and  147  acres  in  1889,  showing  again  an  increase  of  area, 
and  at  the  rate  of  thirteen-thousandths  of  1 per  cent  per  year. 

No  comparison  of  the  preceding  areas  could  be  made  with  the  sur- 
vey of  1867,  as  the  soundings  taken  at  that  date  were  limited  to  18  feet 
of  depth. 

Between  the  18  and  12  foot  contours,  the  area  was  found  to  have 
been  178  acres  in  1835  and  175  acres  in  1867,  indicating  a loss  of  area 
at  the  rate  of  five-hundredths  of  1 per  cent  per  year.  In  1889  the  area 
was  again  178  acres,  the  same  as  54  years  before,  and  showing  an  in- 
crease of  3 acres  since  1867,  dr  at  the  rate  of  eight-hundredths  of  1 per 
cent  per  year. 

Between  the  12  and  6 foot  contours  the  area  was  160  acres  in  1835 
and  163  acres  in  1867,  an  increase  at  the  rate  of  six-hundredths  of  1 per 
cent  per  year.  In  1889  the  area  was  159  acres,  a loss  of  4 acres  since 
1867,  or  at  the  rate  of  one-tenth  of  1 per  cent  per  year. 

Between  the  6-foot  curve  and  the  line  of  mean  low  water  the  area 
was  289  acres  in  1835  and  238  acres  in  1867,  a loss  of  51  acres,  or  at  the 
rate  of  one-fifth  of  1 per  cent  per  year.  In  1889,  within  the  same  limits, 
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the  area  was  258  acres,  indicating  an  increase  of  area  of  20  acres  in  22 
years,  or  four-tenths  of  1 per  cent  per  year. 

If  we  compare  the  entire  harbor  area  outside  of  the  mean  low- water’ 
line,  we  find  that  in  1835  this  area  was  1,302  acres,  and  that  in  1867  it 
had  been  reduced  to  1,247  acres,  a loss  of  55  acres  in  32  years,  or  one- 
tenth  of  1 per  cent  per  year.  Between  1867  and  1889  the  area  in- 
creased to  1,274  acres,  or  27  acres  in  22  years,  which  is  at  the  rate  of 
nine-thousandths  of  1 per  cent  per  year.  These  results  are  confirmed 
by  an  inspection  of  the  comparative  maps,  which  shows  a resultant 
shoreward  movement  of  the  submerged  contours  and  thus  points  to  the 
conclusion  that  the  conditions  since  1867  are  most  favorable  to  the 
maintenance  of  the  present  depths. 

In  table  No.  1 will  be  found  tabulated  the  areas  of  anchorage  ground 
for  the  years  1835,  1867,  and  1889. 

The  data  exhibited  on  illustration  No.  11  extend  beyond  the  limits 
xeserved  for  this  report $ there  is  one  feature,  however,  to  which  we 
would  call  special  attention,  and  that  is  the  large  belt  eroded  from  the 
outer  shore  of  the  cape  in  the  vicinity  of  what  was  once  East  Harbor. 

Table  No.  1.—  Water  areas  in  Cape  Cod  Harbor , west  of  a line  drawn 
from  Long  Point  to  Mount  Gilboa , 1835,  1867 , 1889-^90. 


[Area  in  acres.  Tlie  + sign  denotes  increasing  area.  The  - sign  denotes  decreasing  area.] 


Limits  embraced. 

*835- 

1867. 

Per  cent 
of  yearly 
change 
1835-1867. 

1889-90. 

Per  cent 
of  yearly 
change 
1867-1889. 

Outside  of  mean  low-water  line. 
Outside  of  6 feet  of  depth. 
Outside  of  12  feet  of  depth. 
Outside  of  1 8 feet  of  depth. 
Outside  of  24  feet  of  depth. 
Outside  of  30  feet  of  depth. 

1 302 
1013 

853 

675 

538 

487 

1 247 

1 009 
846 
671 
not  given 
not  given 

— 000 13 

— 0*0002 
— 0*0003 
— 0*0002 

I 274 
I Ol6 

857 
_ 679 
532 
474 

-f-  0*0009 
'-j-  0*0003 
-j-  0*0006 
-j-  0 0005 

MOVEMENT  OF  THE  BORDER  OF  HOUSE  FOINT  ISLAND  FLATS. 

The  encroachment  of  these  flats  on  the  harbor  was  noticed  in  1867 
and  formed  part  of  the  discussion  in  Mr.  Whiting’s  report  of  that  date! 

A comparison  of  the  conditions  in  1889  with  those  which  prevailed  in 
1867  has  been  found  interesting,  and  the  results  have  been  grouped  on 
the  accompanying  sketch  (illustration  No.  12).  We  have  illustrated 
the  changes  in  the  depth  by  shading  lines,  which  indicate  shoaling 
or  deepening,  the  lightest  shading  representing  0 to  3 feet,  the  next 
heavier  shading  3 to  6 feet,  and  so  on.  Where  no  change  has  been 
detected  it  is  indicated  by  cross  shading. 

The  area  examined  (which  comprises  the  area  covered  by  the  sound- 
ings taken  in  1867  on  the  slope  between  the  line  of  mean  low  water  and 
the  contour  at  30  feet  of  depth)  covers  168  acres  ; of  these  81  acres  show 
shoaling,  67  acres  show  deepening,  and  20  acres  no  change  in  depth. 

The  material  brought  to  this  slope  since  1867  by  the  wash  off  the 
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Hats  and  from  other  sources  amounts  to  196,339  cubic  yards,  and  the 
volume  removed  amounts  to  162,019  cubic  yards,  which  leaves  an  ex- 
cess of  shoaling  of  34,320  cubic  yards.  Should  this  volume  be  spread 
evenly  over  the  area  of  the  slope  the  reduction  in  depth  would  amount 
to  1J  inch  only;  but  the  accumulation  has  taken  place  in  spots,  nota- 
bly on  the  north  side  and  near  the  end  of  Long  Point,  on  a sharp  slope 
of  1:4,  as  measured  between  the  6-foot  and  the  30-foot  curves.  The 
shoaling  in  this  case  is,  however,  in  the  direction  of  an  improvement, 
in  that  it  strengthens  the  end  of  the  point,  which  has  shown  a tendency 
to  erosion  on  the  seaward  side. 

In  the  bottom  of  the  bight,  about  halfway  between  Long  Point  and 
Union  Wharf  (see  illustration  No.  12),  the -comparison  reveals  in  one 
place  (section  on  AB)  a retreat  of  the  contours  between  6 and  30  feet 
of  depth,  and  in  another  place  (section  0 D)  a sharp  advance  of  the 
edge  of  the  flats.  Where  shoaling  prevailed,  the  slope  between  the  6 
and  30  foot  contours  has  become  steeper,  from  1 : 8 in  1867  to  1 : 5 in 
1889.  Where  deepening  has  obtained  the  reverse  has  taken  place;  the 
slope  which  in  1867  was  1 : 6 had  become  1 : 9 in  1889,  i.  e .,  both  the 
deepening  and  the  shoaling  processes  have  gone  on  in  the  shallower 
depths  of  the  slope. 

The  tabulation  of  the  depths  on  cross  sections,  shown  on  illustration 
No.  12,  will  be  found# in  the  anne tables  Nos.  2 to  4. 

The  illustrations  were  drawn  by  Mr.  Homer  P.  Ritter  and  the  com- 
pilation of  the  data  is  the  joint  work  of  Mr.  Ritter  and  myself. 

Table  No.  2.* — Sections  on  AB. 


.1 

835. 

1867. 

1889. 

Dis- 

tance 

from 

origin. 

Depth  at 
M.  L.  W. 

Remarks. 

Dis- 

tance 

from 

origin. 

Depth  at 
M.L.W. 

Remarks. 

Dis- 

tance 

from 

origin. 

Depth  at 
M.  L.W. 

Remarks. 

Metres. 

Feet. 

Metres. 

Feet. 

Metres. 

Feet. 

o 

0 

Origin  at  mean 

0 

0 

low  water  of 

146 

0 

Mean  low 

123 

0 

Mean  low 

1835- 

water,  1867. 

water,  1889. 

224 

2 

Low  water 

208 

4 

180 

3 

(springs). 

230 

Si 

214 

6 

2 33 

6 

24.4 

6 

253 

12 

248 

12 

2 73 

12 

263 

18 

264 

18 

279 

18 

273 

24 

274 

24 

285 

24 

281 

30 

288 

30 

293 

30 

338 

52 

309 

39 

298 

32 

423 

59 

334 

55 

325 

45 

498 

57 

392 

53 

363 

55 

443 

58 

§ee  illustration  No.  12, 
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Table  No.  3.* — Sections  on  CD. 


I 

835. 

1867. 

1 

889. 

Dis- 

tance 

from 

origin. 

Depth  at 
M.L.W. 

Remarks. 

Dis- 

tance 

from 

origin. 

Depth  at 
M.L.W. 

Remarks. 

I Dis- 
tance 
from 
origin. 

Depth  at  j 
M.L.W.  j 

Remarks. 

Metres. 

Feet. 

Metres. 

Feet. 

Metres. 

Feet. 

o 

O' 

Origin  at  mean 

0 

0 

low  water, 

150 

0 

Mean  low 

135 

0 

Mean  low 

1835- 

water,  1867. 

water,  18S9. 

161 

2 

Low  water 

192 

H 

170 

3 

(springs). 

211 

6 

225 

2* 

210 

6 

245 

12 

245 

6 

225 

12 

257 

18 

252 

12 

234 

18 

264 

24 

260 

18 

246 

24 

272 

30 

270 

24 

'257 

3° 

290 

37 

280 

30 

260 

34 

316 

56 

290 

36 

307 

58 

470 

544 

391 

57 

670 

52-4 

* See  illustration  No.  12. 


Table  No.  4 *— Sections  on  EF. 


1835- 

1867. 

1 889-’ 90. 

Dis- 

Dis- 

Dis- 

tance 

from 

■5h4 
a.  • 

Remarks. 

tance 

from 

■S  J 
a.  • 

Remarks. 

tance 

from 

■5  J 

Remarks. 

origin. 

origin. 

origin. 

QS 

Metres. 

Feet. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

65 

Origin  at  E. 

0 

Origin  at  E. 

0 

Origin  at  E. 

47 

68 

167 

74 

12 

62 

99 

70 

185 

69 

52 

65 

189 

73 

206 

56 

• 85 

66 

214 

30 

224 

30 

122 

69 

261 

6 

241 

6 

!52 

7i 

273 

0 

Mean  low 

252 

0 

Mean  low 

179 

65 

water,  1835. 

water,  1867. 

207 

3i 

334 

High  water, 

297 

High  water, 

226 

6 

1835- 

1867. 

243 

1 

Mean  low 

352 

At  Long  Point 

352 

At  Long  Point 

252 

0 

light  house. 

light-house. 

water,  1 889. 

364 

High  water, 
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High  water, 

1835. 

1889. 

398 

0 

Mean  low 

352 

At  Long  Point 

water,  1835. 

. light-house. 

462 

6 

372 

High  water, 

529 

9 

C3  -S 

1889. 

563 

12 

(2  VO 

392 

0 

Mean  low 

690 

13 

461 

water,  1889. 

730 

14 

~ § .5 

6 

748 

18 

to  C rt 

bjO|— ] 

576 

9 

769 

24 

0 

672 

12 

777 

30 

C X 

762 

18 

800 

829 

43 

81 

O .—t 

782 

792 

24 

30 

879 

103 

£ 

832 

78 

See  illustration  No.  12. 
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CROSS- SECTIONS  OF  THE  SHORE  OF  CAPE  COD,  MASSACHUSETTS, 
BETWEEN  THE  CAPE  COD  AND  LONG  POINT  LIGHT-HOUSES. 


A report  by  Henry  L.  Marindin,  Assistant. 
Submitted  for  publication  April  21,  1891. 


In  the  publication  of  tbe  following  tables  of  cross-sections,  two  objects 
are  attained.  In  tbe  first  place,  it  offers  to  persons  interested  in  study- 
ing tbe  action  of  the  seas  on  tbe  coast  line,  tbe  means,  in  a convenient 
form,  of  comparison  with  former  surveys  ; secondarily,  it  insures  from 
possible  loss,  by  multiplication,  a large  amount  of  field  and  office  work, 
which,  if  otherwise  preserved,  would  be  represented  by  records  not  in 
shape  for  immediate  use. 

The  annexed  tables  complete  the  mold  of  the  south  shore  of  Gape 
Cod,  and  include  that  portion  between  the  Gape  God  Lighthouse  and 
the  mouth  of  the  harbor  of  Provincetown.  They  are  supplementary  to 
the  series  published  in  Appendix  Ho.  13,  Coast  and  Geodetic  Survey 
Report  for  18*89,  which  included  the  shore  between  Ghatham  and  the 
Gape  Cod  Lighthouse. 

These  cross-sections  will  average  1 in  300  metres,  beginning  with 
Ho.  144,  at  a point  about  157  metres  east  of  Highland  Life-saving  Sta- 
tion and  continuing  to  Ho.  229,  at  the  end  of  Long  Point. 

The  plane  of  reference  for  the  elevations  is  mean  sea  level,  as  derived 
from  a series  ot  observations  of  the  rise  and  fall  of  the  tides  made  at 
Ghatham  in  1887,  which  was  found  to  be  40*51  feet  below  the  Coast  and 
Geodetic  Survey  Bench  Mark  Ho.  IV,  on  Chatham  Horth  Lighthouse. 
This  plane  of  reference  was  carried  along  by  means  of  two  lines  of  pre- 
cise levels  run  in  opposite  directions.  A number  of  bench  marks  were 
established  at  available  points  along  shore,  descriptions  of  which  are 
appended. 

The  position  of  the  origin  of  the  cross-section  can  readily  be  platted 
on  a projection  map  by  using  the  latitude  and  longitude  of  the  origin 
given  in  the  table,  and  the  direction  of  the  section  may  be  obtained  by 
laying  out  the  azimuth  (which  is  true),  also  found  in  the  table.  This 
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azimuth  is  measured  from  tlie  south,  where  it  is  0°  around  by  west  to 
north,  thence  to  south,  where  it  becomes  360°. 

The  tables  numbered  0 to  25  give  the  cross-sections  within  Cape  Cod 
Bay,  beginning  at  a point  on  High  Head,  Truro,  and  extending  to  the 
extremity  of  Beach  Point. 

Beach  Point  is  the  name  of  the  sandy  barrier  dividing  what  was  once 
“East  Harbor”  from  the  waters  of  Cape  Cod  Bay.  While  the  tide  still 
flowed  through  the  inlet  into  East  Harbor,  Beach  Point  was  debatable 
ground  with  reference  to  the  causes  of  injury  to  the  harbor  of  Province- 
town,  but  now  that  this  inlet  is  closed  artificially,  its  importance  lies 
in  its  being  maintained  as  a beach  and  a means  of  more  direct  com- 
munication between  Truro  and  Provincetown. 

All  the  explanations  given  in  the  foregoing  apply  also  to  the  tables 
of  cross-sections  for  Cape  Cod  Bay. 

The  computations  were  made  by  Messrs.  E.  E.  Haskell  and  Homer 
P.  Bitter,  and  the  preparation  of  the  tables  for  publication  was  done 
by  Mr.  Bitter  and  myself  jointly. 
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CROSS-SECTION  No.  144. 

CROSS-SECTION  No.  145. 

No.  157  of  1889. 

No.  159  of  1889. 

[Origin : 

Latitude,  420 

02'  49,/-5 ; longitude, 

[Origin : 

Latitude,  42* 

* 02'  so"^  ; longitude, 

70° 

04'  20 "‘6 ; azimuth,  2170  05'.] 

70° 

°4/  35//-8  ; azimuth,  2170  15'. J 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

66- 1 

0 

677 

20 

701 

20 

69-9 

40 

69-2 

40 

68-2 

60 

69-3 

60 

74-3 

80 

719 

80 

817 

100 

69-3 

Bluff  stake. 

100 

86-6 

160 

165 

Foot  of  bluff. 

120 

94*4 

168 

157 

140 

827 

183 

16-1 

Edge  of  table. 

160 

847 

188 

13-8 

Beach  stake. 

180 

777 

208 

2-2 

200 

77-5 

216 

— o-8 

224 

761 

Bluff  stake. 

228 

+ 5‘5 

260 

22*6 

248 

+ 8-6 

275 

1 6-4 

Foot  of  bluff. 

268 

+ 0-4 

. 

280 

15*2 

273 

rj-  O O 

3°° 

155 

Beach  stake. 

3co 

— 77 

3°6 

133 

400 

-17-8 

320 

3’9 

500 

- —22-3 

330 

o-5 

600 

— 21-8 

340 

2-4 

700 

— 18-8 

360 

69 

800 

— 22-8 

380 

4-i 

900 

-31-8 

390 

— 3*3 

1 000 

—33*8 

500 

— 7-0 

1 060 

-36-8 

' 600 

— 18-8 

700 

—22*3 

800 

—21-3 

900 

f-18-3 

1 000 

-25-8 

1 100 

—30-8 

1 200 

-36-8 

1 300 

— 40-8 

1 350 

—44-8 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


Cross-sections  of  the  shore  of  Cape  Cod , etc Continued. 


CROSS-SECTION  No.  146. 

No.  161  of  1889. 

[Origin:  Latitude,  420  02'  s6"'6-,  longitude, 
70°  04'  44/,'g  ; azimuth,  2120  37'.] 

CROSS-SECTION  No.  147. 

No.  163  of  1889. 

[Origin  : Latitude,  420  03'  o^"‘2  ; longitude, 
70°  qV  5z"'2 ; azimuth,  2120  37'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

65-8 

0 

19-5 

20 

67-8 

20 

183 

40 

70*2 

40 

21.7 

60 

712 

60 

19-4 

80 

69-0 

80 

21*2 

100 

65-9 

100 

20-4 

120 

70-8 

120 

24-4 

140 

78*3 

140 

294 

160 

8ro 

147 

3 2*6 

Bluff  stake. 

180 

82-0 

160 

28- 1 

200 

814 

180 

220 

220 

82-4 

200 

18-3 

240 

57-6 

220 

14-5 

Beach  stake. 

241 

55-2 

238 

11 '3 

Crest  of  beach. 

260 

37-o 

• 240 

T9 

280 

23-1 

260 

— 17 

300 

190 

280 

— 3‘4 

320 

17  1 

300 

- 3-8 

340 

14-5 

Beach  stake. 

3°3 

— 1-2 

356 

1 3*5 

Crest  of  beach. 

320 

— 1-2 

360 

12-0 

340 

— 2-3 

366 

6-9 

35° 

— 3*0 

• 

380 

0-4 

400 

— 7*3 

400 

— 4'5 

500 

-18-3 

420 

-f-  2-6 

600 

—20*3 

440 

+ 01 

700 

— 190 

460 

— i-6 

800 

-198 

471 

— 2-4 

900 

—26-8 

500 

— 70 

1 000 

-33-8 

600 

-17-8 

1 070 

-37-8 

700 

—213 

800 

—20-3 

900 

— 18-8 

- 

1 000 

-25-8 

1 100 

— 30-8 

1 200 

-37-8 

• 
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' Cross-sections  of  the  shore  of  Cape  Cod , etc Continued. 


CROSS-SECTION  No.  148. 

No.  165  of  1889. 

[Origin:  Latitude,  420  03'  n^'s;  longitude, 
70°  05'  o3//-s;  azimuth,  2120  38'.] 

CROSS-SECTION  No.  149. 

No.  167  of  1889. 

[Origin:  Latitude,  420  03'  i7,/*2;  longitude, 
70°  05'  13^‘s;  azimuth,  209°  45'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

5'i 

0 

61 

20 

63 

20 

104 

40 

11 ’3 

40 

19-4 

60 

12-4 

60 

26-3 

80 

135 

80 

32-9 

100 

22-8 

90 

33-2 

Bluff  stake. 

114 

332 

Bluff  stake. 

100 

28-1 

122 

257 

104 

257 

140 

19-4 

140 

19*2 

160 

15-9 

160 

141 

180 

136 

Beach  stake. 

180 

123 

Beach  stake. 

200 

1 1-8 

Crest  of  beach. 

' 198 

104 

Crest  of  beach. 

220 

8-2“ 

200 

9*5 

240 

11 

220 

— o-8 

253 

— 3*4 

240 

— 55 

280 

— 43 

290 

— 50 

283 

-J-  o-6 

295 

— i5 

300 

+ 0-5 

315 

— 16 

320 

— 1-2 

335 

— 17 

340 

— 2-5 

35o 

— 3‘9 

350 

— 37 

400 

— 12-8 

400 

-ii’3 

500 

— 218 

500 

— 213 

600 

— 18-8 

600 

—19-3 

700 

-*7-8 

700 

-15-8 

800 

—21-3 

800 

~2I*3 

900 

-25-8 

900 

—27-3 

1 000 

-31-8 

1 000 

^-32-8 

1 100 

-35*8 

1 100 

-36-8 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


Cross-sections  of  the  shore  of  Cape  Cod , etc Continued. 


CROSS-SECTION  .No.  150. 

No.  169  of  1889. 

[Origin:  Latitude,  420  03'  2i""3;  longitude, 
70°  05'  24"  'g  • azimuth,  206°  56'.] 

CROSS-SECTION  No.  15 1. 

No.  171  of  1889. 

[Origin:  Latitude,  420  03'  27//'o;  longitude, 
70°  05'  35" ‘6;  azimuth,  206°  56'.! 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres . 

Feet. 

Metres. 

Feet. 

0 

60 

0 

5-i 

20 

i*5 

20 

7'5 

40 

2 if- 6 

40 

135 

60 

30-9 

60 

209 

80 

37*9 

66-5 

29- 1 

Bluff  stake. 

loo 

476 

80 

1 8*o 

1 10 

52-9 

Bluff  stake. 

100 

215 

120 

28-8 

120 

15  1 

Beach  stake. 

130 

_____ 

Foot  of  bluff. 

140 

105 

140 

170 

160 

4-6 

160 

I3-9 

Beach  stake. 

180 

— 35 

180 

13-2 

Crest  of  beach. 

185 

— 49 

200 

r6  t 

200 

— 6-8 

220 

— 3'9 

250 

— 7-0 

226 

— 4'4 

300 

— 31 

250 

— 8-8 

400 

—10-8 

300 

— i-8 

500 

—203 

400 

~ 9-8 

600 

-18-3 

500 

— 16-8 

700 

— 16-3 

600 

— 18-8 

800 

— 18-8 

700 

-15-8 

900 

— 24-8 

800 

— 20-8 

1 000 

—30-8 

900 

-25-8 

1 100 

-36-8 

1 000 

—308 

1 150 

—39-8 

1 100 

-37-8 
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Cross-sections  of  the  shore  of  Cape  Cod , etc. — Continued. 


CROSS-SECTION  No.  152. 

CROSS-SECTION  No.  153. 

No.  173  of  1889. 

No.  175 

of  1889. 

[Origin: 

Latitude,  42 

0 03'  28"’8;  longitude, 

[Origin : 

Latitude.  42' 

• 03'  35,,-4;  longitude, 

70° 

05'  48//'7  ; azimuth,  206°  25'.] 

7°c 

* 05'  59'  ‘s ; azimuth,  206°  25'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

- Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

. Metres. 

Feet. 

0 

4-6 

0 

3-8 

20 

61 

10 

46 

40 

5'2 

30 

7.7 

60 

8-3 

50 

ii*7 

80 

77 

70 

1 6-8 

100 

20*5 

90 

24- 1 

120 

40-2 

955 

28-4 

Bluff  stake. 

140 

47-4 

1 10 

183 

165 

42-3 

Bluff  stake. 

130 

133 

Beach  stake. 

180 

245 

150 

12-8 

200 

14-9 

Beach  stake. 

170 

9*4 

220 

14-8 

190 

i*8 

240 

4-5 

204 

- 4*6 

260 

— 2-4 

250 

— 7-6 

300 

— 7-6 

300 

— 3*6 

350 

— 9-6 

400 

— 7*o 

400 

— 3*6 

500 

— 19-8 

500 

— 1 1*8 

600 

— 22-8 

600 

— 21-3 

700 

—19-8 

700 

— 21-8 

800 

— 19I 

800 

—17*3 

*900 

— 21-8 

900 

—19*3 

1 000 

—273 

1 000 

- 24-8 

1 100 

-33*8 

I 100 

-31-8 

1 180 

—41-8 

1 200 

-35*8 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


Cross-sections  of  the  shore  of  Cape  Cod , etc. — Continued. 


CROSS-SECTION  No.  154. 

CROSS-SECTION  No.  155. 

No.  177 

of  1889. 

No.  179 

of  1889. 

[0  riff  in  : 

Latitude,  42 

03'  34"'6;  longitude, 

[Origin: 

Latitude,  42' 

5 03'  36"  *3;  longitude, 

7°° 

06'  i4//-7;  azimuth,  206°  30'.] 

7°° 

o6r  27//,o ; azimuth,  204°  25'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

% 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

4-2 

0 

3’4 

20 

7 -3 

20 

13-2 

40 

13-4 

40 

28-0 

50 

23-1 

60 

30-6 

60 

ii*7 

80 

25-4 

80 

6-5 

100 

36-4 

100 

8-2 

120 

355 

120 

H'5 

127 

38-6 

140 

27-1 

140 

19-9 

150 

41-9 

160 

12-6 

160 

47‘9 

180 

1 3.° 

1 80 

29-8 

200 

16-9 

200 

25-0 

220 

22*6 

220 

25-0 

240 

17-3 

240 

26-4 

260 

iro 

260 

34’5 

Bluff  stake. 

280 

10-3 

280 

1 6- 1 

3°° 

15-4 

3°° 

132 

Beach  stake 

320 

17-0 

320 

I O' 1 

340 

18-5 

325 

IO'I 

Crest  of  beach. 

351-5 

225 

Bluff  stake. 

340 

10 

360 

16-2 

354 

— 47 

380 

io-6 

Beach  stake ; crest 

400 

- 5-6 

400 

3-8 

of  beach. 

5*00 

- 9-8 

420 

- 5-o 

600 

— io-8 

500 

- 9-8 

700 

—20-3 

600 

— 9*3 

800 

—-24-8 

700 

—10-8 

900 

—23-8 

800 

—2 1 -3 

1 000 

— 18-8 

900 

—23-3 

1 100 

—21  -8 

1 000 

—21-3 

1 200 

— 27-8 

1 100 

—14-8 

1 300 

-33-8 

1 200 

—22-3 

1 360 

^-40-8 

1 300 

—26-8 

1 400 

—32-8 

1 500 

—40-8 
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Gross-sections  of  the  shore  of  Gape  God , etc — Continued. 


CROSS-SECTION  No.  156. 

CROSS-SECTION  No.  157. 

No.  1 81 

of  1889. 

No.  183  of  1889. 

[Origin : 

Latitude,  42 

0 03'  36"'4  ; longitude, 

[Origin : 

Latitude  42' 

5 03'  39,,'4 ; longitude, 

7°° 

06 ' 4i//'3;  azimuth,  204 0 30'.] 

70° 

°6'  53,/-3;  azimuth,  205°  io'.] 

Height 

Height 

Distance 

above  or 

■ > 

Distance 

above  or 

from 

b«low 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

1 

level. 

level. 

/ I 

Metres. 

Feet. 

Metres. 

Feet. 

0 

2-3 

0 

I *2 

Edge  of  marsh. 

10 

3'3 

20 

4*8 

30 

3’4 

40 

15-4 

50 

9-0 

50 

213 

Crest  of  ridge. 

70 

167- 

60 

14-9 

90 

24-0 

80 

10-9 

97 

27-0 

100 

7‘5 

no 

ii*9 

120 

11 

» 

130 

4-2 

140 

11 

150 

3’0 

160 

1 *i 

170 

5-6 

180 

3*9 

190 

5‘5 

200 

1*2 

210 

37 

220 

21 

230 

8-2 

240 

5-6 

250 

27-1 

260 

5*2 

270 

21-6 

~ - 

280 

2-2 

290 

8-8 

3°° 

2*3 

310 

7‘3 

320 

3*2 

33  0 

57 

340 

2*5 

35o 

4-8 

360 

4*0 

370 

6-4 

380 

4*2 

390 

71 

400 

5*4 

410 

6-3 

420 

6-5 

430 

237 

440 

4*5 

45o 

37-2 

460 

8*3 

470 

48-9 

474 

il-8 

Bluff  stake. 

490 

15  1 

480 

90 

5io 

15-6 

Bluff  stake. 

500 

io-8 

5H 

14-4 

Foot  of  bluff. 

520 

ii’i 

516 

8-8 

Beach  stake. 

540 

n*5 

Beach  stake. 

520 

6-2 

560 

8-8 

530 

07 

575 

7*3 

Crest  of  beach. 

543 

— 47 

580 

5*4 

600 

- 7-6 

599 

— 2*6 

700 

— 8-o 

700 

—10-3 

800 

— 6-6 

750 

— xi-8 

900 

-15-8 

800 

— 8-8 

1 000 

-25-8 

900 

—123 

1 100 

—30*8 

1 000 

—22*3 

1 200 

—20-3 

1 100 

-25-8 

1 300 

—198 

1 200 

—24*3 

1 400 

—24-8 

1 300 

—23*3 

1 500 

—29-8 

1 400 

— 19*3 

1575 

—34*8 

1 500 

—223 

1 600 

- — 26-8 

1 700 

-31*8 

1 800 

-35*8 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


Gross-sections  of  the  shore  of  Gape  God , etc.— Continued. 


CROSS-SECTION  No.  158. 

No.  185  of  1889. 

[Origin:  Latitude,  420  03'  42,,-8  ; longitude, 
70°  07'  o4//-8  ; azimuth,  201°  55'.  | 

CROSS-SECTION  No.  159. 

No.  187  of  1889. 

[Origin : Latitude,  420  03'  ; longitude, 

70°  07'  i7//-8  ; azimuth,  201°  55'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

0-9 

Edge  of  marsh. 

0 

37 

10 

2-3 

20 

4’9 

30 

3’4 

40 

13-2 

50 

4-2 

47 

17-4 

70 

7-2 

80 

25-2 

90 

14-9 

9i 

310 

1 10 

171 

100 

34-6 

130 

23-8 

120 

414 

150 

22-2 

140 

44-2 

170 

2-6 

- 

160 

45-9 

190 

0*7 

180 

47'8 

210 

— 2-4 

200 

467 

230 

197 

220 

54-4 

250 

15-2 

240 

54-6 

270 

97 

260 

41-9 

290 

7-6 

280 

40.1 

3IQ 

i‘5 

300 

32.2 

330 

3-6 

320 

28-0 

350 

1 1*9 

340 

27-6 

370 

4-i 

360 

30-5 

390 

41 

380 

25-1 

410 

4-1 

400 

247 

43° 

6-o 

420 

25-2 

45° 

6*4 

440 

35-9 

470 

8-2 

460 

48-9 

490 

147 

464 

47-8 

510 

34-2 

480 

37A 

536 

14-4 

483 

33‘4 

• 550 

1 00 

Beach  stake. 

500 

169 

558 

8-2 

Crest  of  beach. 

520 

129 

570 

3-6 

540 

17-4 

573 

20 

560 

13-9 

600 

- 5-8 

580 

25-9 

700 

—10-3 

596 

33-4 

Bluff  stake. 

75o 

-14-8 

600 

24-6 

800 

— 6-8 

608 

15-6 

Foot  of  bluff. 

900 

— U'3 

620 

131 

Beach  stake. 

1 000 

—213 

630 

12-6 

Crest  of  beach. 

1 100 

—26-8 

- 

640 

4‘5 

1 200 

— 30-3 

659 

— 37 

1 300 

—23-3 

700 

— 8-o 

1 400 

-19-8 

800 

— 7-0 

1 500 

—23-8 

900 

— 9-8 

1 600 

. —28-8 

1 000 

—128 

1 700 

—328 

1 100 

—22-8 

1 800 

-38-8 

1 200 

—29-3 

1 850 

—39-8 

1 300 

-25-8 

1 400 

— 24-8 

1 500 

— 24-8 

1 600 

—23-8 

1 700 

-27*8 

1 800 

-33-8 
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Cross-sections  of  the  shore  of  Cape  Cod , etc. — Continued. 


CROSS-SECTION  No.  160. 

CROSS-SECTION 

No.  160 — Continued. 

No.  189  of  1889. 

No.  189  of  1889. 

[Origin: 

Latitude,  42 

03'  50"  ’2 ; longitude, 

[Origin: 

Latitude,  421 

a °3;  50"  '2 ; longitude. 

70° 

07'  28"  *7;  azimuth,  2020  35'.] 

70° 

07'  28"  '7 ; azimuth,  202°  35'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

o 

6-i 

Near  edge  of  marsh. 

465 

37-6 

Top  of  ridge. 

20 

no 

480 

32-2 

40 

23-8 

500 

34’° 

6o 

22*5 

520 

366 

8o 

16-4 

525 

37-9 

Bluff  stake. 

IOO 

r4‘9 

540 

128 

Beach  stake  and  foot 

120 

117 

560 

87 

of  bluff. 

140 

i8-o- 

580 

7*8 

160 

in 

592 

7’4 

Crest  of  beach. 

180 

6-o 

600 

39 

200 

5-i 

614 

— 21 

220 

37 

700 

- 9-8 

24O 

6*2 

800 

— 7*3 

260 

4’5 

900 

— 6-8 

280 

4*8 

1 000 

-13-8 

300 

4-0 

I 100 

— 18-8 

320 

51 

1 200 

—24-8 

340 

4-8 

1 300 

-25-8 

360 

8-i 

1 400 

—24‘3 

380 

14*2 

1 500 

—21-3 

400 

I9'3 

1 600 

—213 

420 

17-6 

1 700 

—24-8 

44O 

14-9 

1 800 

-32*8 

460 

32*4 

1 850 

-35-8 
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Cross-sections  of  the  shore  of  Cape  Cod,  etc. — Continued. 


CROSS-SECTION  No.  161. 

CROSS-SECTION  ! 

No.  191 

of  1889. 

No.  191 

[Origin : 

Latitude,  42° 

03'  48"  *9 ; longitude, 

[Origin: 

Latitude,  42’ 

70° 

07'  43r/  S J azimuth,  202°  15'.] 

70° 

07'  43"  ’s  ; a 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

o 

2-9 

530 

6-9 

IO 

4‘3 

550 

17-0 

30 

27 

570 

20-0 

5o 

4-6 

590 

i6*6 

70 

2-6 

610 

187 

90 

3-6 

630 

8-5 

1 10 

4'3 

650 

96 

130 

4'5 

, 

670 

I3-5 

150 

6-4 

690 

i4‘3 

170 

8-5 

710 

1 o-o 

190 

16-8 

730 

8*8 

210 

25-9 

750 

— 0-3 

230 

35‘2 

800 

- 8-3 

250 

28-4 

900 

-13-8 

270 

24-3 

1 000 

—io-8 

290 

22-2 

1 100 

— 8-8 

3IC> 

18-4 

1 200 

— 198 

33° 

20' 6 

1 300 

— 19-8 

350 

20-8 

1 400 

—21*8 

370 

i8-5 

1 500 

— 26-8 

390 

5*5 

1 600 

—29*8 

410 

4'4 

1 700 

—31-8 

430 

4-0 

1 800 

—23-8 

45o 

3*5 

1 900 

—253 

470 

3-8 

2 000 

-31*8 

490 

3-8 

2 100 

—41*8 

5io 

4*5 

Remarks. 


Beach  stake. 
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Cross-sections  of  the  shore  of  Cape  Cod , etc . — Continued. 


CROSS-SECTION  No.  162. 

CROSS-SECTION 

No.  162 — Continued. 

No.  193 

of  1889. 

No.  193  of  1889. 

[Origin : 

Latitude,  42 

03'  54"  ‘i ; longitude, 

[Origin : 

Latitude,  42' 

5 03'  54"  'i ; longitude, 

70° 

°Y  5s"  ’2 ; azimuth,  205°  25'.] 

7°° 

°7/  55,/'2;  azimuth,  205°  25'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

7'3 

480 

28-1 

20 

123 

500 

32-4 

40 

19-1 

512 

39‘4 

Top  of  ridge. 

60 

271 

520 

14-8 

80 

34-6 

540 

20-8 

100 

48-4 

557 

37A 

Bluff  stake. 

120 

36- r 

580 

4‘4 

140 

26-2 

600 

6-6 

1 60 

213 

620 

10-3 

180 

i8'2 

640 

10-2 

200 

155 

660 

7-0 

Beach  stake. 

220 

12-8 

675 

01 

240 

9-9 

700 

— 6-3 

260 

6-8 

800 

- 9-8 

280 

4'5 

900 

— 1 13 

300 

3*4 

1 000 

— 9-8 

320 

3'3 

1 100 

- 9-8 

340 

5-6 

1 200 

— 16-8 

360 

57 

1 300 

—26-8 

380 

5'9 

1 400 

> -32-8 

400 

8-2 

1 500 

7 r—29 '8 

420 

i7‘5 

1 600 

— 29-8 

440 

31-2 

1 700 

—28-8 

451 

427 

1 800 

— 24-8 

454 

40-6 

1 900 

-30-8 

460 

33'3 

1 95o 

-37*8 

302 


U.  S.  COAST  AND  GEODETIC  SURVEY 


Gross-sections  of  the  shore  of  Gape  God , etc. — Continued. 


CROSS-SECTION  No.  163. 

No.  195  of  1889. 

[Origin:  Latitude,  420  03'  54" *9 ; longitude, 
70°  08'  07"  '6;  azimuth,  2000  20'.] 

CROSS-SECTION  No.  163— Continued. 
No.  195  of  1889. 

[Origin : Latitude,  420  03'  54"  '9 ; longitude, 
70°  08'  07" -6;  azimuth,  200°  20'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

157 

580 

no 

20 

217 

600 

26 

40 

32- 1 

620 

6-6 

60 

38-5 

632 

20-6 

Bluff  stake. 

80 

45‘4 

640 

12*6 

100 

527 

660 

6-6 

120 

63*2 

680 

1 10 

140 

5°‘9 

700 

120 

160 

45-6 

720 

117 

180 

42-2 

740 

106 

Beach  stake. 

200 

390 

747 

95 

Crest  of  beach!  ' 

220 

354 

760 

2*8 

240 

3i-4 

765 

0*2 

260 

26-8 

800 

- 5-8 

280 

21*6 

900 

- 8-3 

- 

300 

17-3 

1 000 

— 7'3 

320 

147 

1 100 

— 1 18 

340 

199 

1 200 

— ■ 9-8 

360 

23-2 

1 300 

— 20-8 

380 

6-i 

1 400 

-25-8 

400 

3‘5 

1 500 

—27-8 

420 

9*6 

1 600 

-25-8 

440 

7*3 

1 700 

—24-8 

460 

6-5 

1 800 

—26-3 

480 

7*o 

1 900 

—21-8 

500 

1 17 

2 000 

-23-8 

520 

1 1 -8 

2 100 

—31-8 

540 

3-2 

2 175 

—41-8 

560 

7-8 
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Cross-sections  of  the  shore  of  Cape  Cod , etc. — Continued. 


CROSS-SECTION  No.  164. 

No.  197  of  1889. 

1 [Origin  : Latitude,  4a0  04'  12"'$  ; longitude, 
70°  08'  J2"'2,  azimuth,  198°  40'.] 

CROSS-SECTION  No.  165. 

No.  199  of  1889. 

[Origin  : Latitude,  420  04'  is//-i  ; longitude, 
70°  08'  2s"’o  ; azimuth,  1990  oo'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

8-8 

0 

1 6-4 

20 

1 1.6 

20 

12-2 

40 

9-6 

- 

40 

22-4 

60 

2*1 

60 

25-2 

80 

5*2 

Inner  edge  of  cran- 

80 

25*4  . 

berry  bog. 

100 

25  0 

100 

2-5 

In  cranberry  bog. 

120 

30*3 

120 

2-6 

In  cranberry  bog. 

140 

20-0 

140 

3-2 

Outer  edge  of  cran- 

160 

14*2 

berry  bog. 

180 

8-o 

160 

77 

200 

7-0 

180 

20-0 

220 

13-0 

200 

29-2 

240 

38*7 

220 

39-6 

249*5 

45*4 

Bluff  stake. 

228 

42-8 

268 

ii;o 

243 

io-6 

Foot  of  bluff. 

280 

3*8 

Beach  stake. 

260 

7-8 

Beach  stake. 

293 

2*4 

269 

7-5 

Crest  of  beach. 

300 

— 2-8 

280 

2-3 

400 

- 9-8 

9 

286 

— 0-4 

500 

—”*3 

300 

- 3*8 

600 

— 12 '3 

400 

— IO’3 

700 

— r3*8 

500 

— *4*3 

800 

— 9*o 

600 

— 9'0 

900 

— 19-8 

700 

- 12<3 

1 000 

-25-8 

800 

— u-3 

1 100 

—24-8 

900 

-23-8 

1 200 

— 22-8 

1 000 

-25-8 

1 300 

— 22-8 

1 100 

—24-8 

1 400 

— 208 

1 200 

— 24-8 

1 500 

—23*8 

1 300 

— 24*8 

1 600 

—29*3 

1 400 

— 21-8 

1 700 

-33*8 

1 450 

—19-3 

1 800 

-36*8 

1 500 

—21-8 

1 600 

—30-8 

1 700 

—34-o 

1 800 

-36-8 
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Gross-sections  of  the  shore  of  Cape  God , etc. — Continued. 


CROSS-SECTION  No.  166. 

CROSS-SECTION 

No.  166 — Continued 

No.  201 

of  1889. 

No.  201 

of  1889. 

[Origin 

Latitude,  42 

0 04'  oi"'3  ; longitude, 

[Origin : 

Latitude,  42 

0 04'  oi"‘3;  longitude, 

7°c 

08'  44//‘g ; azimuth,  198°  20'.  ] 

70° 

1 08'  44//-9  ; azimuth,  198°  20'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

' Metres. 

Feet. 

o 

i‘4 

Edge  of  marsh. 

632 

20-2 

12 

9*4 

652 

87 

32 

24-1 

672 

6-9 

52 

33-6 

692 

5‘4 

72 

567 

712 

3‘9 

92 

537 

732 

3’9 

I 12 

38-3 

752 

6-2 

132 

409 

772 

15-6 

152 

45-6 

792 

14-9 

172 

49’2 

812 

24-6 

I92 

52-3 

832 

37‘  9 

212 

54-i 

852 

15-5 

Beach  stake,  foot  of 

232 

547 

bluff. 

252 

537 

872 

IOI 

272 

51-5 

889 

9-6 

Crest  of  beach. 

292 

48-0 

892 

7-8 

3I2 

45*o 

912 

— 1’5 

332 

45-4 

1 000 

-13-8 

352 

417 

1 100 

— 8-3 

37  2 

37*4 

1 200 

7H3 

392 

28-8 

1 300 

— 14-8 

412 

24-9 

1 400 

— io-8 

432 

28-0 

1 500 

— 21-8 

452 

35-6 

1 600 

— 24-8 

472 

33-8 

1 700 

-23-8 

492 

24-4 

1 800 

— 21-8 

512 

9'4 

1 900 

— 20-8 

532 

3’4 

2 000 

—24-8 

552 

3-8 

2 100 

—31-8 

572 

io-8 

2 200 

—33-8 

592 

21-4 

2300 

—36-8 

612 

23-9 
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Cross-section*  of  the  shore  of  Cape  Cod , etc Continued. 


CROSS-SECTION  No.  167. 

CROSS  SECTION  No.  168. 

No.  203  of  1889. 

No.  205  of  1889. 

("Origin : 

Latitude,  42 

0 04'  23".! ; longitude, 

[Origin : 

Latitude,  42' 

3 04'  26"  'g  ; longitude, 

700 

08'  48//,6 ; azimuth,  198°  40'.] 

70° 

09'  01"  *o ; azimuth,  1990  oc/.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

257 

0 

10*4 

20 

36-6 

20 

3-2 

40 

30-4 

40 

4-5 

60 

393 

60 

198 

80 

34-o 

80 

5-2 

100 

237 

100 

3-6 

120 

5*i 

120 

15-5 

140 

.3-8 

140 

133 

160 

20-4 

160 

251 

180 

33-8 

181 

32'4 

Bluff  stake. 

19^5 

3i7 

Bluff  stake. 

200 

19-6 

Beach  stake. 

220 

20-1 

Beach  stake. 

220 

14-0 

240 

III 

240 

10-3 

260 

9'4 

260 

io-i 

Crest  of  beach. 

280 

8-8 

Crest  of  beach. 

264 

6-5 

288 

5’5 

3°° 

— 8-o 

3°° 

— 3’3 

400 

—14-8 

400 

— 8-8 

500 

— 8-6 

500 

—12-3 

600 

— n-8 

600 

—i4‘3 

700 

—153 

700 

-13-8 

75o 

— 7-6 

800 

— n-8 

800 

—113 

900 

— 22-8 

900 

-25-8 

1 000 

—26-8 

1 000 

• -31-8 

1 100 

—23-3 

1 100 

—32-8 

1 200 

—21*3 

1 200 

—21-8 

1 300 

—23-3 

1 300 

—23-8 

1 400 

—27-3 

1 400 

-28-3 

1 500 

—29-3 

1 500 

-31-8 

1 600 

—34‘3 

1 600 

-38-8 

1 700 

—37-3 

H.  Ex.  43,  pt.  2—20 
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Cross-sections  of  the  shore  of  Cape  Cod , etc.—  Continued. 


CROSS-SECTION  No.  169. 

CROSS-SECTION  No.  170. 

No.  207  of  1889. 

No.  209  of  1889. 

[Origin: 

Latitude,  420 

04'  29"  ’4;  longitude, 

[Origin : 

Latitude,  420 

04'  31"  ‘8  ; longitude, 

70° 

09'  13"  *4;  azimuth,  198°  50'.] 

70° 

09'  25" ‘8;  azimuth,  196°  50'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

5-8 

0 

8-5 

20 

5'4 

20 

67 

40 

5-o 

40 

4'3 

60 

3-2 

60 

51 

80 

io-8 

80 

l8‘2 

Stone. 

247 

Truro  corner  No.  7. 

100 

195 

100 

219 

120 

21-3 

120 

21-8 

140 

197 

140 

26*1 

160 

23-5 

160 

3°‘i 

180 

247 

180 

3 11 

200 

29-2 

194 

327 

Bluff  stake. 

212 

33-o 

Bluff  stake. 

200 

25*9 

224 

177 

Foot  of  bluff. 

220 

19-9 

Beach  stake. 

240 

130 

Beach  stake. 

240 

I3'4 

260 

11  5 

260 

1 1 -6 

280 

10-2 

Crest  of  beach. 

280 

99 

Crest  of  beach. 

3°° 

1-6 

287 

8-o 

400 

—14-8 

3°° 

— 3-8 

500 

— 1 1*3 

400 

— 1 1-8 

600 

— 8-8 

500 

— 1 1 8 

700 

— 12-3 

600 

— 8-6 

800 

— 12-8 

700 

—133 

900 

-23-8 

750 

- 8-3 

1 000 

—27-3 

800 

-15-8 

1 100 

— 29*8 

900 

-23-8 

1 200 

—27-8 

1 000 

-28-3 

1 300 

—21*3 

1 100 

-28-3 

1 400 

—24-8 

1 200 

— 21-8 

1 500 

—33-8 

1 300 

—213 

1 600 

-36-8 

1 400 

-28-8 

1 700 

—39-8 

1 500 

—34-8 

1 800 

— 42-8 

1 600 

-35-8 

1 700 

-38-8 

1 800 

— 41-8 
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Gross-sections  of  the  shore  of  Gape  God , etc.— Continued. 


CROSS-SECTION  No.  171. 

No.  21 1 of  1889. 

[Origin:  Latitude,  420  04'  34" '2;  longitude, 
70°  09'  38"  -o;  azimuth,  1940  55'.] 

CROSS-SECTION  No.  172. 

No.  213  of  1889. 

[Origin : Latitude,  420  04'  37"  ’9 ; longitude, 
70°  09'  50"  -i  ; azimuth,  1940  30'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

• 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

217 

O- 

23-3 

20 

5-2 

20 

30-8 

40 

13-2 

40 

29A 

60 

1 8-6 

60 

297 

80 

17-8 

80 

24-8 

100 

14.2 

100 

22- 1 

120 

12-6 

120 

24-8 

140 

18-9 

140 

31’2 

160 

24-6 

160 

34*3 

180 

22-8 

175 

311 

Bluff  stake. 

200 

29*4 

184 

hi 

Foot  of  bluff. 

212 

34-i 

Bluff  stake. 

200 

10-3 

220 

20-6 

205 

103 

Crest  of  beach. 

240 

ii-6 

Beach  stake. 

240 

3'3 

260 

9'3 

248 

— 1.9 

278 

8-6 

Crest  of  beach. 

3°° 

-I3'3 

300 

11 

400 

— 16*8 

400 

— 14-8 

500 

—16-3 

500 

—16-3 

600 

— 9-6 

600 

— 8-8 

700 

_ 9-8 

700 

-9-8 

800 

—17-8 

800 

—163 

900 

—23-8 

900 

—22-3 

1 000 

— 27*8 

1 000 

—24-3 

1 100 

—30-8 

1 100 

—27-8 

1 200 

—25-8 

1 200 

— 29-8 

1 3°° 

—20-8 

1 300 

—20-8 

1 400 

— 29-8 

1 400 

— 24-8 

1 500 

—39-8 

1 500 

—33-8 

1 600 

— 42-8 

1 600 

—39-8 

1 700 

— 43'8 

I 800 

-45-8 
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Gross-sections  of  the  shore  of  Gape  God , etc. — Continued. 


CROSS-SECTION  No.  173. 

No.  215  of  1889. 

[Origin:  Latitude,  420  04'  39" '2;  longitude, 
70°  10'  03"  '6 ; azimuth,  *94°  35'.] 

CROSS-SECTION  No.  174. 

No.  217  of  1889. 

[Origin : Latitude,  420  04'  41"  ’6 ; longitude, 
70°  10'  16"  ‘i ; azimuth,  1940  35'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

8-6 

0 

15-6 

20 

196 

20 

19-4 

40 

• 23-4 

40 

157 

60 

59 

60 

3*3 

80 

5-2 

- 

80 

37-5 

100 

4-8 

100 

37-6 

120 

69 

120 

367 

140 

123 

141 

51-4 

160 

367 

160 

37'4 

180 

29- 1 

180 

317 

200 

299 

200 

23- 1 

209 

29*2 

Bluff  stake. 

220 

131 

Foot  of  bluff. 

220 

17-6 

240 

107 

240 

104 

Beach  stake. 

260 

8*9 

260 

8-8 

Crest  of  beach. 

280 

10  7 

Crest  of  beach. 

280 

09 

3°° 

2-4 

285 

— i-6 

305 

°-5 

300 

— 8-8 

400 

—103 

400 

— 12-8 

500 

— 15  3 

500 

— 14-8 

600 

— 13-8 

600 

— io-8 

700 

—163 

700 

— *4*3 

800 

-13-8 

800 

— *4*3 

900 

—22-3 

900 

—24-3 

1 000 

-25-8 

I 000 

—26-3 

1 100 

—27-3 

1 100 

—28-3 

1 200 

—26*8 

I 200 

—28-3 

1 300 

—21*8 

I 300 

—20*3 

1 400 

-31*8 

1 400 

-27*8 

- 

1 500 

—37*8 

I 500 

-368 

1 600 

—42*3 

I 600 

—39-8 

1 700 

—48-8 

I 700 

—44-8 
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Cross  sections  of  the  shore  of  Cape  Cod , etc. — Continued. 


CROSS-SECTION  No.  175. 

No.  219  of  1889. 

[Origin : Latitude,  420  04'  44"  '7 ; longitude, 
70°  xo°  27"  *2 ; azimuth,  187°  50'.] 

CROSS-SECTION  No.  176. 

No.  221  of  1889. 

[Origin:  Latitude,  420  04'  44" '6;  longitude, 
70°  10'  39" ‘4;  azimuth,  182°  oo'.] 

Height 

Height 

Distance- 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

51*5 

0 

5-o 

• 

20 

56-6 

20 

41 

40 

657 

40 

47 

60 

55* 

60 

5-8 

80 

56-8 

80 

1 1*2 

98 

45’4 

Bluff  stake. 

100 

23-4 

100 

413 

120 

38-2 

Bluff  stake. 

120 

28-3 

140 

2T3 

\ 

140 

187 

160 

197 

160 

153 

180 

14-1 

180 

124 

200 

1 1'4 

200 

9-8 

220 

8-2 

Beach  stake. 

220 

6-6 

Beach  stake. 

240 

6*o 

240 

9-2 

260 

8*3 

251 

IO-2 

Crest  of  beach. 

274 

9-8 

Crest  of  beach. 

260 

47 

289 

38 

265 

i*9 

300 

— 3-2 

3°° 

— 9-8 

400 

— 1 1 8 

400 

—15-8 

500 

-183 

500 

—123 

600 

— 12-8 

600 

—14-3 

700 

—14-3 

700 

— 14-8 

800 

-17-8 

800 

— 16-8 

900 

-23-8 

900 

—23-8 

1 000 

—248 

1 000 

— 24-8  ! 

1 100 

—26*8 

1 100 

—25-8 

1 200 

—24-8 

1 200 

—223 

1 300 

—28-8 

1 300 

—30-8 

1 400 

-33*8 

1 400 

-38-8 

1 500 

—41*8 

1 500 

—40-8 

1 600 

—47-8 

1 650 

— 508 
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Gross  sections  of  the  shore  of  Gape  God , etc. — Continued. 


CROSS-SECTION  No.  177. 

CROSS-SECTION  No.  178. 

No.  223  of  1889. 

No.  225  of  1889. 

[Origin : 

Latitude,  420 

04'  45"  ‘o;  longitude, 

[Origin : 

Latitude,  420 

' 04'  45"  '4  ; longitude, 

70° 

10'  52"  "2  ; azimuth,  182°  00'.] 

70° 

ii'  05" '3  ; azimuth,  182°  oo'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

“•5 

0 

21*4 

20 

13-6 

20 

io*9 

40 

6*3 

40 

4-0 

60 

6-6 

60 

5*o 

80 

5-5 

80 

5‘4 

100 

7-2 

100 

5‘2 

120 

22-2 

120 

7*5 

140 

32-8 

140 

io-8 

156 

41-2 

Bluff  stake. 

160 

22-6 

180 

28-6 

180 

32'3 

200 

127 

186 

37-6 

Bluff  stake. 

220 

60 

200 

* 16-3 

240 

5-6 

220 

4’4 

Beach  stake. 

260 

T9 

240 

1*2 

270 

7*4 

Crest  of  beach. 

260 

• 7‘5 

Crest  of  beach. 

280 

4'5 

280 

i*8 

284 

ri 

300 

— 5-3 

300 

— 3’4 

400 

— 9*3 

400 

— 1 r8 

500 

— *3*3 

500 

—17-8 

600 

— 12-6 

600 

— 1 8-8 

650 

-17*8 

700 

- 9-8 

700 

— 16*8 

800 

~I9’3 

800 

-158 

900 

—24-8 

900 

—24-8 

1 000 

- — 278 

1 000 

—28-8 

1 100 

— 27-8 

1 100 

—26-8 

1 200 

— 27-8 

1 200 

— 24-8 

I 300 

—32-8 

1 300 

—28-8 

1 400 

—37-8 

# 1 400 

-35*8 

1 500 

— 40-8 

1 500 

—39*8 

1 600 

—47-8 

1 600 

—47-8 

I 700 

-53*8 
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Cross-sections  of  the  shore  of  Cape  Cod , etc. — Continued. 


CROSS-SECTION  No.  179. 

No.  227  of  1889. 

[Origin  : Latitude,  420  04'  44/,'9  ; longitude, 
70°  ii'  i8"‘4;  azimuth,  182°  oo'.] 

CROSS-SECTION  No.  180. 

No.  229  of  1889. 

[Origin : Latitude,  420  04'  45"'9 ; longitude, 
70°  ii'  3i//-8  ; azimuth,  182°  50'.] 

Height 

Height 

• 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

25-8 

Crest  of  rigde. 

0 

151 

20 

200 

20 

5'5 

40 

20*9 

40 

6-4 

60 

18-8 

60 

50 

80 

7-9 

80 

3*8 

100 

7-9 

100 

3-6 

120 

14-4 

120 

6-3 

140 

9-2 

140 

7-5 

• 

160 

21*2 

160 

22-5 

180 

19-9 

180 

24-8 

200 

28-4 

202 

31-5 

Bluff  stake. 

204 

28-3 

Bluff  stake. 

220 

9‘4 

Beach  stake. 

220 

15-4 

230 

8-5 

Crest  of  beach. 

240 

7-2 

Beach  stake. 

240 

40 

249 

30 

300 

- 9-8 

300 

— 80 

400 

— 1 1-8 

400 

—123 

500 

— 12*8 

500 

— 9-3 

600 

-15-8 

600 

-13-8 

700 

— 20-8 

700 

-i*3 

800 

— 12-8 

800 

— n-8 

900 

—24-8 

900 

— 21-8 

1 000 

-27*8 

1 000 

~25-3 

1 100 

-28-8 

1 100 

—28-8 

1 200 

-27*8 

- 

1 200 

-28-3 

1 300 

—28-8 

1 300 

— 29-8 

1 400 

—33-8 

1 400 

—33-3 

1 500 

—39-3 

1 500 

— 40*8 

1 600 

—46-8 

1 600 

—46-8 

1 700 

—56-8 
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Cross-sections  of  the  shore  of  Cape  Cod ? etc. — Continued. 


CROSS-SECTION  No.  181. 

CROSS-SECTION  No.  182. 

No.  231 

of  1889. 

No.  233  of  1889. 

[Origin 

Latitude,  42 

04'  46//*7 ; longitude, 

[Origin : 

Latitude,  42' 

’ 04'  46//,6  ; longitude, 

7°c 

n'  44,/-7  ; azimuth,  1810  50'.] 

70° 

11'  57"  9;  azimuth,  1810  56'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

- 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

o 

'T\ 

0 

9-7 

20 

1 1-2 

20 

4*9 

40 

7’5 

40 

4-2 

60 

5‘5 

60 

3-8 

80 

7.7 

80 

4*9 

IOO 

10-4 

IOO 

4*4 

120 

ii*5 

120 

51 

I40 

25-2 

• 

140 

57 

l6o 

31-8 

160 

158 

180 

307 

180 

24'3 

I9I 

33‘3 

Bluff  stake. 

182 

336 

Bluff  stake. 

200 

12-4 

Beach  stake. 

200 

1 6-o 

220 

9'9 

220 

' 3’3 

Beach  stake. 

225 

1 0-0 

Crest  of  beach. 

240 

77 

236 

47 

260 

. 9’4 

300 

— 103 

271 

9*5 

Crest  of  beach. 

400 

— 12-8 

280 

37 

500 

—'33 

3°° 

— 4-6 

600 

—'S3 

400 

—10-8 

700 

—'9  3 

500 

— 140 

800 

-15-8 

600 

-13-8 

900 

—26-8 

700 

-17-8 

I OOO 

—34-8 

800 

— 120 

I IOO 

—30-8 

900 

-21-8 

I 200 

-32-8 

1 000 

— 29-8 

I 3OO 

—30-8 

I IOO 

-32-8 

I 4OO 

-35-8 

1 200 

— 29-8 

I 500 

—43-8 

1 300 

—298 

' 550 

—50-8 

1 400 

—34-8 

1 500 

— 41-8 

1 600 

-57*8 
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Cross-sections  of  the  shore  of  Cape  Cod , etc. — Continued. 


CROSS-SECTION  No.  183. 

CROSS-SECTION  No.  184. 

No.  235 

of  1889. 

No.  237 

of  1889. 

[Origin: 

Latitude,  42° 

04'  47r/  '2 ; longitude, 

[Origin: 

Latitude,  420 

1 04'  45"  -8 ; longitude, 

70° 

12'  10" ’i ; azimuth,  182°  oo7.] 

70° 

12'  2i7/,6;  azimuth,  1720  40'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

' 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

23-8 

0 

24-1 

10 

i4’3 

20 

127 

30 

60 

40 

1 10 

50 

4-0 

60 

61 

70 

4*5 

80 

4*6 

90 

5-2 

100 

5’9 

no 

7-0 

120 

4-1 

130 

*8-5 

140 

5’2 

150 

351 

160 

12-4 

170 

35-6 

180 

31-6 

179 

35-8 

Bluff  stake. 

200 

28-0 

190 

18-8 

208 

27-1 

Bluff  stake. 

210 

8-3 

Beach  stake. 

220 

7-2 

23O 

7’5 

240 

4-6 

Beach  stake. 

250 

10*2 

Crest  of  beach. 

260 

7'3 

262 

3*1 

267 

8-o 

Crest  of  beach. 

3°° 

- 8-3 

280 

2-2 

400 

— 12-8 

3°° 

- 3-8 

500 

—17*3 

400 

— io-8 

600 

—15-3 

500 

—I5-3 

700 

— 17-3 

600 

— 20-8 

0 

800 

— 14-3 

700 

-13-8 

900 

— 24*8 

800 

— 12-8 

1 000 

—30-8 

900 

-25-8 

1 100 

— 33‘3 

1 000 

-31-8 

1 200 

—28-8 

1 100 

— 29-8 

1 300 

—32-8 

1 200 

—31-8 

1 400 

— 42-8 

1 300 

—42-8 

1 400 

-55-8 

1 500 

—66-8 
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Cross-sections  of  the  shore  of  Cape  Cod , etc.— Continued. 


CROSS-SECTION  No.  185. 

No.  239  of  1889. 

[Origin : Latitude,  420  04'  44"  "4  ; longitude, 
70°  12'  34r/  *6 ; azimuth,  1720  4c/.] 

CROSS  SECTION  No.  186. 

No.  241  of  1889. 

[Origin:  Latitude,  420  04'  44" '1;  longitude, 
70°  12'  47/r  ‘7 ; azimuth,  1720  20'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

’ — 1-  * 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

1 8-o 

0 

190 

20 

17-8 

10 

121 

40 

7*5 

30 

15-4 

60 

8-8 

50 

5-9 

„ 80 

8-4 

70 

5*6 

100 

6-3 

90 

7-8 

120 

25-3 

1 10 

*9-2 

140 

26-2 

130 

34A 

160 

29-1 

150 

36- 1 

180 

34'4 

170 

26*9 

200 

3i’3 

175 

28-3 

Bluff  stake. 

209 

31'0 

1 Bluff  stake. 

190 

9*4 

220 

13-6 

210 

T9 

Beach  stake. 

240 

8-3 

222 

8*4 

Crest  of  beach. 

248 

9-0 

Crest  of  beach. 

233 

— 1-9 

259 

— 0*1 

300 

— 9-8 

3°° 

— 6-8 

400 

— ii-8 

400 

— 8-8 

500 

— io*3 

500 

— n-8 

600 

— 14-8 

600 

-18-3 

700 

— 198 

700 

— 19-8 

800 

— n-8 

800 

—113 

900 

—23-8 

900 

—22-8 

1 000 

—28-3 

1 000 

—28-8 

1 100 

—30-8 

1 100 

—31-8 

1 200 

—43*8 

1 200 

—33-8 

1 300 

—54-8 

1 380 

—87-8 
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Cross-sections  of  the  shore  of  Cape  Cod , etc — Continued. 


CROSS-SECTION  No.  187. 

CROSS-SECTION  No.  188. 

No.  243  of  1889. 

No.  245  of  1889. 

[Origin : 

Latitude,  42' 

04'  4i/,-8;  longitude, 

| Origin : 

Latitude,  420 

04'  4o,/*  4 ; longitude, 

70° 

13'  oo"‘s ; azimuth,  1720  10'.] 

7°° 

13'  10"  ‘5 ; azimuth,  157°  oo\] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

. 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

ievel. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

IO*I 

Slope  of  ridge. 

0 

16-5 

20 

4*3 

20 

io*6 

40 

4A 

40 

7-8 

60 

8-6 

60 

3-8 

80 

4-8 

80 

7-2 

100 

7-6 

• 100 

331 

120 

173 

120 

37‘9 

140 

3i-4 

140 

337 

160 

260 

160 

24-6 

180 

23A 

180 

17-4 

190 

21-8 

Bluff  stake. 

200 

12-8 

200 

1 8-o 

220 

T9 

Beach  stake. 

220 

I3A 

232 

8-8 

Crest  of  beach. 

240 

99 

240 

51 

257 

1 0-0 

Crest  of  beach. 

248 

— 33 

264 

— 21 

300 

— 9'3 

300 

- 5-8 

350 

—12*3 

400 

— 8-8 

400 

- 7-8 

500 

- 9-8 

500 

— 8-8 

600 

-15-8 

600 

— 153 

700 

—203 

700 

— 19-8 

800 

— 12*8 

800 

—17-3 

900 

— 18-8 

900 

—213 

1 000 

—28-8 

1 000 

—48-8 

1 100 

—40-8 
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Cross-sect  ions  of  the  shore  of  Cape  Cod ? etc Continued. 


CROSS-SECTION  No.  189. 

CROSS-SECTION  No.  190. 

No.  247  of  1889. 

No.  249  of  1889. 

[Origin : 

Latitude,  420 

o+'  36" 'o;  longitude, 

[Origin : 

Latitude,  42* 

3 04'  32"  8 ; longitude, 

700 

13'  22" '0;  azimuth,  156°  ,30'.] 

7°° 

13'  34/x  2 » azimuth,  154°  50'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

irom 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

5-6 

0 

155 

20 

6-o 

20 

5-2 

J.O 

61 

40 

5-6 

60 

67 

60 

1 8*8 

80 

7'i 

80 

130 

100 

1 1 '9 

• 

1 00 

27-1 

120 

23-1 

120 

3i-4 

140 

32-0 

140 

23-5 

160 

33'3 

160 

266 

180 

27-5 

180 

24'3 

200 

26-8 

197 

22-6 

Bluff  stake. 

214 

24-1 

Bluff  stake. 

200 

2 1 ' I 

220 

17-4 

220 

9-2 

Beach  stake. 

240 

8-6 

Beach  stake. 

235 

8-8 

Crest  of  beach. 

251 

8-4 

Crest  of  beach. 

240 

7’4 

268 

— 3’2 

260 

- i*S 

300 

- 4-8 

272 

— 27 

400 

— n-8 

3°° 

- 7-8 

500 

— 9'3 

400 

— 12-8 

600 

— 148 

500 

— 6-6 

700 

—20-3 

600 

—14-8 

800 

— 18*8 

700 

—203 

900 

— 20*8 

800 

—19-3 

I 000 

—46-8 

850 

—21-8 

I 070 

— 72  *8 

900 

— 40-8 
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Cross-sections  of  the  shore  of  Cape  Cod , etc. — Continued. 


CROSS-SECTION  No.  191. 

No.  251  of  1889. 

[Origin : Latitude,  420  04'  28"  '9  ; longitude, 
70°  13'  46//,o;  azimuth,  151°  45'.] 

CROSS-SECTION  No.  192. 

No.  253  of  1889. 

[Origin:  Latitude,  42°  04'  23"  '5;  longitude, 
7°°  I3/  55"  ’8 ; azimuth,  147°  00'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

• 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres . 

Feet. 

Metres. 

Feet. 

0 

247 

0 

19-3 

20 

24-6 

20 

n*9 

On  slope  of  ridge. 

40 

29-9 

40 

80 

60 

26-8 

60 

7*5 

80 

14-4 

80 

7-5 

100 

169 

100 

7-3 

120 

246 

120 

8-5 

140 

28-2 

140 

131 

160 

25'2 

160 

21*5 

180 

I9-5 

180 

25-2 

200 

9-8 

Beach  stake. 

188 

25-0 

Bluff  stake. 

220 

8-2 

200 

23-0 

225 

T9 

Crest  of  beach. 

220 

i57 

247 

— 3'4 

240 

121 

Beach  stake. 

300 

— 9'3 

260 

7*8 

400 

— ii*8 

268 

8*3 

Crest  of  beach. 

500 

— 1 1-6 

280 

4-0 

600 

—15-3 

295 

— i*9 

700 

—I9-3 

300 

- 3-8 

800 

— 27-8 

400 

-15-8 

900 

-55-8 

500 

— 9*3 

600 

-13-8 

700 

—21-3 

800 

-52-8 

850 

—70-8 
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Cross-sections  of  the  shore  of  Cape  Cod , etc. — Continued. 


CROSS-SECTION  No.  193. 

No.  255  of  1889. 

[Origin:  Latitude,  420  04'  19"  '0;  longitude, 
70°  14'  06" ‘a;  azimuth,  136°  40'.] 

CROSS-SECTION  No.  194. 

No.  257  of  1889. 

[Origin:  Latitude,  420  44'  12"  '7;  longitude, 
70°  14'  14"  2 ; azimuth,  128°  00'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

20-4 

0 

7-0 

20 

1 8*8 

20 

13-8 

40 

6-9 

40 

1 1*3 

60 

91 

60 

145 

80 

IO-2 

80 

7‘5 

100 

I4-4 

100 

8*3 

120 

20*8 

120 

103 

140 

227 

140 

n*8 

160 

19-3 

160 

14-8 

180 

133 

180 

17  7 

200 

132 

Beach  stake. 

200 

11  7 

Beach  stake. 

220 

8-9 

220 

7.7 

3°° 

— 106 

240 

8-o 

400 

— 8-6 

3°° 

— io*6 

500 

— 131 

400 

—13-6 

600 

— 22-6 

500 

—28-6 

700 

-65-6 

600 

--896 
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Gross-sections  of  the  shore  of  Gape  God , etc . — Continued. 


CROSS-SECTION  No.  195. 

CROSS-SECTION  No.  196. 

No.  259 

of  1889. 

No.  261  of  1889. 

[Origin : 

Latitude,  42° 

04'  04"  ‘7 ; longitude, 

[Origin : 

Latitude,  42' 

5 °3;  57r/  ‘5  i longitude, 

70° 

14'  20"  "3;  azimuth,  1230  10'.] 

70° 

14'  28"  • 6 ; azimuth,  120°  45'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

1 9-0 

0 

5A 

20 

M*  5 

20 

5A 

40 

9i 

40 

5‘4 

60 

8-6 

60 

io*6 

80 

8-6 

80 

17-6 

100 

91 

100 

210 

120 

13*1 

120 

13-6 

140 

167 

140 

no 

160 

7-8 

160 

24-8 

180 

7-6 

180 

12-6 

Beach  stake. 

200 

15-2 

200 

9-4 

220 

127 

Beach  stake. 

220 

8-o 

240 

100 

3°° 

— 9-6 

260 

80 

400 

— 211 

3°° 

— 7-6 

0 

o_  ^ No  bottom  at  this 

400 

— 12-6 

500 

— 1000 

//  \ depth. 

500 

— 29-6 

560 

—82-6 
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Cross  sections  of  the  shore  of  Cape  Cod , etc. — Continued. 


CROSS-SECTION  No.  197. 

No.  263  of  1889. 

[Origin:  Latitude,  420  03'  49" *5 ; longitude, 
70°  14'  32"  '5;  azimuth,  109°  30'.] 

CROSS-SECTION  No.  198. 

No.  265  of  1889. 

[Origin:  At  dwelling  of  Race  Point  light  keeper. 
Latitude,  420  03'  43"  ’2 ; longitude,  70°  14'  39"  "6  ; 
azimuth,  6i°  40'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

8-9 

0 

12-2 

20 

6-8 

18 

9’5 

40 

7-8 

38 

8-5 

60 

i°S 

58 

17  1 

80 

12-0 

78 

16-9 

100 

15-8 

98 

15-2 

120 

212 

118 

8*4 

140 

1 6-4 

138 

7-5 

Beach  stake. 

160 

21-4 

158 

5A 

180 

171 

163 

2’5 

200 

9 '3 

Beach  stake. 

200 

- 4-6 

220 

7*5 

300 

— IOI 

240 

7-8 

400 

—25-6 

300 

— 6-6 

460 

— 906 

400 

— 16-6 

500 

—75-6 

525 

-95-6 
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Cross-sections  of  the  shore  of  Cape  Cod , etc. — Continued. 


CROSS-SECTION  No.  199. 

CROSS-SECTION  No.  200. 

No.  267  of  1889. 

No.  269  of  1889. 

[Origin : 

Latitude,  42° 

03'  42"  ‘5;  longitude, 

[Origin  : 

Latitude,  420 

03'  34"  n ; longitude, 

70° 

14'  27" '8;  azimuth,  240  32'.] 

70° 

14'  i8//-g;  a2imuth,  240  40'. 1 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Aletres. 

Feet. 

0 

39 

. 0 

2*5. 

20 

51 

16 

5*0 

40 

105 

36 

5*2 

60 

1 3° 

56 

4*5 

Beach  stake. 

80 

6-4 

66 

i*9 

100 

7'4 

100 

— 8-6 

120 

T9 

200 

— 12-6 

140 

1 10 

3°° 

— 141 

*B.  M. 

14-2 

400 

— 14-6 

160 

10-9 

500 

— 181 

180 

T9 

600 

— 26^6 

200 

T9 

Beach  stake. 

700 

—78-6 

220 

300 

- 7-6 

400 

— IOI 

500 

-13-6 

600 

— 1 8-6 

700 

—64-6 

735 

—77-6 

* 

* Southwest  boundary  stone  of  light-house  reservation,  Race  Point,  Cape  Cod,  Mass. 
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Cross-sections  of  the  shore  of  Cape  Cod , etc. — Continued. 


CROSS-SECTION  No.  201. 

No.  271  of  1889. 

[Origin:  Latitude,  420  03'  34" *5;  longitude, 
70°  14'  04"  "3 ; azimuth,  240  45'.] 

CROSS-SECTION  No.  202. 

No.  273  of  1889. 

[Origin:  Latitude,  420  03'  30" *5:  longitude, 
7°°  I3/  52"  ‘3 ; azimuth,  240  45'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

37 

0 

io*3 

20 

4’3 

Marsh  Hatches  Har- 

20 

100 

40 

13-4 

bor. 

40 

io-8 

60 

14*6 

60 

70 

80 

7-5 

80 

5-2 

100 

5-2 

100 

90 

120 

10-3 

120 

14*8 

' 

140 

4'4 

140 

135 

160 

6-8 

160 

80 

180 

5'3 

180 

7*6 

190 

1 00 

190 

7A 

200 

3-o 

Beach  stake. 

200 

3 3 

Beach  stake. 

221 

07 

208 

31 

350 

— 6-i 

300 

— 10*1 

400 

— hi 

400 

— 131 

500 

— 141 

500 

— 141 

600 

— 16-4 

600 

—15*6 

700 

— 181 

700 

— 16*1 

800 

— 21*1 

800 

— 196 

900 

— 26-6 

900 

— 22*1 

1 000 

- 38-6 

1 000 

— 25*6 

1 070 

— 102*6 

1 100 

—28*6 

1 200 

—33’6 

1 300 

— 41*6 
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' Cross-sections  of  the  shore  of  Cape  Cod , etc. — Continued. 


CROSS-SECTION  No.  203. 

No.  275  of  1889. 

[Origin:  Latitude,  420  03'  23" ’8;  longitude, 
70°  13'  38"  .5;  azimuth,  470  15'.] 

CROSS-SECTION  No.  204. 

No.  277  of  1889. 

[Origin:  Latitude,  420  03'  16"  a \ longitude. 
70°  13'  29" -7;  azimuth,  530  55'.] 

Height 

, 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Ramarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Meties. 

Feet. 

Metres. 

Feet. 

0 

8-4 

0 

23-9 

20 

103 

20 

34-5 

40 

81 

40 

39*i 

60 

7-9 

60 

17-4 

80 

99 

80 

no 

100 

15-2 

100 

15-6 

120 

24-8 

120 

8-8 

140 

34-o 

140 

2-6 

160 

29-8 

160 

2-8 

180 

23-5 

180 

71 

200 

9'4 

Beach  stake. 

200 

130 

220 

2*9 

220 

120 

Beach  stake. 

225 

— I *5 

248 

0-4 

3°° 

— 9-6 

300 

— IOI 

400 

— n-6 

400 

— n-6 

500 

-13-8 

500 

— 141 

600 

-151 

600 

— 161 

700 

— 18-6 

700 

— 18-6 

800 

— 196 

800 

— 20- 1 

900 

— 21-6 

• 

900 

—24-1 

* 

1 000 

— 24-6 

1 000 

—25*6 

1 100 

— 27-6 

1 100 

— 27-1 

1 206 

. —34-6 

1 200 

, —3  2-6 

1 300 

— 66-6 

1 300 

—44-6 
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Cross-sections  of  the  shore  of  Cape  Corf  etc. — Continued. 


CROSS-SECTION  No.  205. 

No.  279  of  1889. 

[Origin:  Latitude.  420  03'  oS^'i;  longitude, 
70°  13'  22" ‘6;  azimuth,  520  45'.] 

CROSS-SECTION  No.  206. 

No.  281  of  1889. 

[Origin:  Latitude,  47°  03'  00"  ‘2 ; longitude, 
70°  13'  14" '8;  azimuth,  520  45'.] 

Distance 

from 

origin. 

Height 
above  or 
below 
mean  sea 
level. 

Remarks. 

Distance 

from 

origin. 

Height 
above  or 
below 
mean  sea 
level. 

Remarks. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

15-5 

0 

12*2 

20 

97 

20 

10-5 

40 

10-4 

40 

8-3 

60 

129 

60 

10-3 

80 

16*  1 

80 

13-9 

100 

14-3 

100 

4'4 

120 

IO-2 

120 

4-6 

140 

3'4 

140 

5-o 

160 

4-2 

160 

5'4 

180 

4-9 

180 

11 '5 

200 

8-4 

Beach  stake. 

190 

12-4 

206 

12-6 

200 

6*2 

Beach  stake. 

232 

12 

220 

2'4 

300 

— 9-6 

300 

— 4-6 

400 

— 14-6 

400 

— hi 

500 

— 17-6 

500 

— 14*1 

600 

-17-8 

' 600 

— 16-6 

700 

— 181 

700 

— 18-6 

800 

- — 19-6 

800 

— 191 

900 

— 20^ 

900 

—19-6 

1 000 

— 22' I 

1 000 

* — 21*1 

1 100 

—24-1 

1 100 

— 22-1 

1 200 

—23-I 

1 200 

— 2 1 ‘ I 

1 300 

—30-3 

1 300 

— 19-6 

1 360 

-75-6 

1 400 

— '24-6 

M85 

— 76-6 
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Cross-sections  of  the  shore  of  Cape  Cod , etc Continued. 


CROSS-SECTION  No.  207. 

No.  283  of  1889. 

[Origin : Latitude,  420  02'  51" '2;  longitude, 
70°  13'  08"  *o;  azimuth,  570  oo\] 

CROSS-SECTION  No.  208. 

No.  285  of  1889. 

[Origin:  Latitude.  420  02'  42" ‘5;  longitude, 
70°  i3/'  oo//  7 ; azimuth,  62°  30'.] 

Height 

Height 

Distance 

above  or 

Distance 

Shove  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

13-4 

0 

13-4 

20 

12-4 

20 

8-6 

40 

7-2 

40 

3-9 

60 

37 

60 

3‘9 

80 

3’5 

80 

4-0 

100 

3’5 

100 

3-8 

120 

3-8 

120 

37 

140 

6-6 

140 

57 

1 54 

8-6 

160 

8-4 

Beach  stake. 

160 

7-6 

Beach  stake. 

180 

2-5 

180 

27 

207 

— 3-3 

205 

— 4-0 

3°° 

— 1 1-6 

250 

— 9-6 

400 

— 151 

3°° 

— 1 1-6 

500 

— 16*1 

400 

— 1 6- 1 

600 

- 17-8 

500 

- 17-6 

700 

- 19*1 

600 

— 20- 1 

800 

— 20.1 

700 

— 20- 1 

900 

— 19-6 

800 

— 20'4  • 

1 000 

— 18*6 

900 

— 2 1 1 1 

1 100 

— 17-6 

1 000 

— 20*1 

1 200 

— 18*6 

1 100 

— I8*I 

1 300 

— 59‘6 

1 200 

— 19*1 

1 340 

IOO* 

No  bottom  at  this 

1 300 

— 39-6 

depth. 

1 340 

— ioo* 

No  bottom  at  this 

depth. 
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Cross-sections  of  the  shore  of  Cape  Cod , etc Continued. 


CROSS-SECTION  No.  209. 

No.  287  of  1889. 

[Origin : Latitude,  420  02'  33"  4 ; longitude, 
70°  12'  53"  ' 9 ; azimuth,  68°  25'.] 

CROSS-SECTION  No.  209 — Continued. 
No.  287  of  1889. 

Height 

Height 

Distance 

above  or 

% 

Distance. 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

15-3 

224 

2*8 

20 

12-2 

~ 

300 

— I2-I 

40 

5‘2 

400 

— I3-6 

60 

3'9 

500 

-J7-6 

80 

41 

600 

-J51 

100 

4'3 

700 

—19* 

120 

4-8 

800 

— 19-6 

140 

57 

. 900 

— 181 

160 

6-8 

1 000 

—176 

168 

77 

1 100 

—17-6 

180 

5-8 

Beach  stake. 

1 200 

— 22-6 

2QO 

i-8 

1 280 

—78*6 
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Cross-sections  of  the  shore  of  Cape  Cod , etc. — Continued. 


CROSS-SECTION  No.  210. 

No.  289  of  1889. 

[Origin:  Latitude,  420  02'  21"^  ; longitude, 
70°  12'  50 "'6  • azimuth,  70°  50'.] 

CROSS-SECTION  No.  21 1. 
No.  291  of  1889. 

[Origin  : Latitude,  420  02'  i4/,-3  ; longitude, 
70°  12'  47"‘8  ; azimuth,  68°  2^.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

126 

0 

4‘4 

20 

35 

Edge  of  marsh. 

20 

4'9 

40 

40 

5i 

60 

2-6 

60 

51 

80 

3*4 

80 

9-2 

100 

4’4 

Edge  of  marsh. 

IOO 

167 

120 

106 

1 17 

150 

Grass  line* 

I40 

22-3 

120 

10-2 

Beach  stake. 

I48 

20-6 

140 

3‘2 

l6o 

64 

Beach  stake.  - 

166 

l8o 

i-3 

200 

— 71 

I98 

— 2*0 

300 

— - 12-6 

300 

— 124 

400 

— 146 

400 

— 12-6 

500 

— 15-6 

500 

— 1 7 *6 

600 

— 15-6 

600 

— 191 

700 

- 17-6 

700 

— 18-6 

800 

— 18-6 

800 

— 166 

870 

— 66-6 

900 

— 16-6 

930 

— ioo- 

No  bottom  at  this 

I OOO 

— 17-6 

depth. 

I IOO 

— 56;6 

I l6o 

— ioo- 

No  bottom  at  this 

depth. 
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Gross-sections  of  the  shore  of  Gape  God , etc. — Continued. 


1 

CROSS-SECTION  No.  212.  * 
No.  293  of  1889. 

[Origin:  Latitude,  420  02' 06" '3  ; longitude, 
70°  f2'  43//"i  ; azimuth,  530  55'.] 

CROSS-SECTION  No.  213. 

No.  295  of  1889. 

[Origin  : Latitude,  420  ox'  s^"'9  \ longitude, 
70°  12'  35"‘6;  azimuth,  48°  30'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

3-6 

0 

3*4 

20 

4-2 

20 

4*i 

40 

5i 

40 

6-4 

60 

109 

60 

15*9 

80 

15  1 

76 

13*5 

Grass  line. 

100 

134 

Grass  line. 

80 

8-4 

Beach  stake. 

120 

77 

Beach  stake. 

100 

2 *3 

140 

3*5 

122 

i 00 

162 

— o-6 

200 

— 13*1 

200 

— 9-6 

300 

— 14-6 

300 

— 126 

400 

— 141 

400 

— 14-6 

500 

— 15*1 

500 

— 16-6 

600 

- 19  I 

600 

— 171 

700 

— ioo- 

No  bottom  at  this 

700 

—2p6 

depth. 

750 

—95*6 
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Cross-sections  of  the  shore  of  Cape  Cocl,  etc — Continued. 


CROSS-SECTION  No.  214. 

CROSS-SECTION  No.  216. 

No.  297  o'f  1889. 

No.  301  of  1889. 

[Origin: 

latitude,  420 

01'  52" '8;  longitude, 

[Origin : 

Latitude,  420 

oi'  36"  ’9;  longitude, 

70° 

T27  25"  "6;  azimuth,  450  30'.] 

70° 

12'  10"  ’I ; azimuth,  40°  30'. 1 

Height 

FI  eight 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

2*0 

0 

20 

i’9 

IOO 

71 

40 

2 *3 

200 

—13-6 

60 

4‘3 

3°° 

— 146 

80 

7*3 

400 

—15-6 

100 

13-8 

Grass  line. 

500 

— 15-6 

114 

6-3 

600 

~i5-4 

120 

8-3 

Beach  stake. 

700 

— 18-6 

140 

i-5 

770 

I 

0 

160 

o-6 

200 

— 8-i 

3°° 

— 12-6 

400 

— 161 

500 

. — 18-1 

600 

—19-6 

700 

-231 

760 

— 26-6 

CROSS-SECTION  No.  215. 

CROSS-SECTION  No.  217. 

\ 

No.  299  of  1889. 

No.  303  of  1889. 

[Origin:  Latitude,  42“ 

5 oi'  43"  '6;  longitude, 

[Origin : 

Latitude,  420 

' oi'  30" -5;  longitude, 

7°c 

1 12'  19" '4;  azimuth,  420  51'.] 

7°‘ 

3 12'  oo"  '4  ; azimuth,  450  35'.] 

O 

' 

O 

IOO 

— 9-6 

IOO 

0-9 

200 

— 14-6 

200 

— 13- 1 

3°° 

— 17-1 

300 

— 146 

400 

— 19-6 

400 

— I4’i 

500 

— 211 

500 

— 12-6 

600 

— 18-6 

600 

- 57*6 

650 

— 32'6 

670 

— IOO- 

No  bottom  at  this 

700 

— IOO* 

No  bottom  at  this 

depth. 

depth. 
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Gross-sections  of  the  shore  of  Gape  God , etc.— Continued. 


CROSS-SECTION  No.  218. 

CROSS-SECTION  No.  221. 

No.  305  of  1889. 

No.  31 1 

of  1889. 

[Origin : 

Latitude,  42' 

01'  23*"  -3 ; longitude, 

[Origin  : 

Latitude,  42' 

3 oi'  12"  '2 ; longitude, 

7°° 

n'  51" '6;  azimuth,  450  io'.] 

70° 

’ n'  16" '8;  azimuth,  oo°  oo\] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 



0 

100 

- 4-6 

IOO 

— 7 6 

200 

— 126 

150 

— 30-6 

3°° 

— 20-6 

190 

—88-6 

35° 

— IOO- 

No  bottom  at  this 

depth. 

CROSS-SECTION  No.  219. 

CROSS-SECTION  No.  222. 

No.  307  of  1889. 

No.  313  of  1889. 

[Origin: 

Latitude,  42' 

* oi'  17" -o;  longitude, 

[Origin: 

Latitude,  420 

1 oi7  14"  '2  ; longitude, 

7°c 

’ 1 t/  41" ‘5;  azimuth,  330  15'.] 

7°° 

ii'  03" ‘9;  azimuth,  3430*i5'.] 

O 

O 

IOO 

— 6-6 

IOO 

— 8~6 

150 

— 16-6 

190 

—94-6 

220 

86*6 

CROSS-SECTION  No.  220. 

t 

CROSS-SECTION  No.'  223. 

No.  309 

i of  1889. 

No.  315  of  1889. 

[Origin : 

Latitude,  42* 

3 oi'  13"  ‘8;  longitude, 

[Origin: 

Latitude,  420 

01'  17"  '7;  longitude, 

7°c 

‘ 11'  29'' -5 ; azimuth,  160  50'.] 

7°° 

10'  52"  ‘o;  azimuth,  326°  58'.] 

O 

O 

IOO 

— 1-6 

IOO 

— io-6 

200 

—58-6 

150 

— 47‘6 

180 

— IOO* 

No  bottom  at  this 

depth. 
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Cross  sections  of  the  shore  of  Cape  Cod , etc. — Continued. 


CROSS-SECTION  No.  224. 

CROSS  SECTION  No.  227. 

No.  317  of  1889. 

No.  323  of  1889. 

[Origin : 

Latitude,  42 

01'  24"  ’2;  longitude, 

[Origin: 

Latitude,  420 

1 01'  47"  -o;  longitude, 

70° 

io'  42" '3;  azimuth,  3140  00'.] 

70° 

10'  17"  ’9 ; azimuth,  2990  25'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 



0 



140 

— io-6 

140 

— 4-6 

175 

— 71-6 

200 

— i6-i 

260 

—33*6 

CROSS-SECTION  No.  225. 

CROSS-SECTION  No.  228. 

No.  319 

of  1889. 

No.  325  of  1889. 

[Origin : 

Latitude,  42' 

> 01'  31" ‘2;  longitude, 

[Origin : 

Latitude,  420 

01'  56"  * i ; longitude, 

70° 

10'  33"  ‘2;  azimuth,  3120  25'.] 

7°° 

io'  13" '0;  azimuth,  298°  25'.] 

O 

O 

130 

6~6 

- IOO 

— IOI 

I90 

—49-6 

200 

— 136 

300 

— lb-6 

400 

—23-6 

460 

— 70-6 

CROSS-SECTION  No.  226. 

CROSS-SECTION  No.  229. 

No.  321  of  1889. 

No.  326  of  1889. 

[Origin : 

Latitude,  42c 

> oi'  37" -3;  longitude, 

[Origin: 

Latitude,  420 

02'  00" ‘o  ; longitude, 

70° 

10'  22" ’i;  azimuth,  304°  50'.] 

70° 

io'  08" ‘6;  azimuth,  2990  25'.] 

O 

O 

50 

— 7-6 

IOO 

- ' 8-4 

IOO 

— 24-6 

200 

— 13-1 

120 

—49-6 

3°  0 

— 1 6- 1 

400 

— 21  ■ 1 

450 

45’6 

500 

100-0 

No  bottom  at  this  depth 
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Cross-sections  in  Cape  Cod  Bay. 


CROSS-SECTION  No.  o. 

CROSS  SECTION  No.  2. 

1889. 

1889. 

[Origin: 

Latitude,  42c 

02'  38"  ’i ; longitude, 

[Origin : 

Latitude,  420 

1 02'  44"  '3  ; longitude, 

70° 

06'  22"  ‘4;  azimuth,  40°  50'.] 

70° 

06'  32"  '6;  azimuth,  40°  50'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

o 

344 

o 

49-9 

18 

29*6 

20 

23-2 

38 

382 

- 

40 

1 1-8 

58 

45‘6 

60 

7-2 

78 

48-8 

80 

6-9 

98 

55-4 

100 

9*i 

1 18 

44-0 

1 14 

170 

138 

l9'2r 

Beach  stake. 

120 

IPO 

158 

46 

140 

3-i 

174 

— i-8 

J53 

— 21 

200 

— 4-6 

200 

_ 4-6 

3 00 

- 5-8 

300 

_ 6-6 

400 

- 7-8 

400 

— 81 

500 

— 81 

500 

— 91 

600 

— 1 r6 

600 

— 106 

700 

— 176 

700 

-1 6-8 

800 

—22-6 

. 

800 

— 22- 1 

900 

—28-1 

900 

—256 

1 000 

—33-6 

I 000 

—30-6 

1 100 

-38-1 

1 100 

—34-6 

1 200 

—41-6 

1 200 

—37-6 

1 250 

— 43'6 

1 300 

—43’ 1 

• 

1 400 

—44-6 
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Cross-sections  in  Cape  Cod  Bay— Continued. 


CROSS-SECTION.  No.  3. 

CROSS-SECTION  No.  4. 

1889. 

1889. 

[Origin  : 

Latitude,  42 

02'  49"  "9;  longitude, 

[Origin : 

Latitude,  42* 

5 02 ' 47" ‘5;  longitude, 

70° 

06'  34" '9;  azimuth,  390  50'.] 

70° 

06'  46"  "2  ; azimuth,  38°  30'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

35*9 

0 

28-6 

20 

390 

20 

29-9 

40 

39-8 

40 

29-8 

60 

413 

60 

26-5 

80 

27-2 

80 

21-9 

100 

142 

100 

14-6 

120 

192 

120 

1 1-8 

CIS 

I5-9 

Center  of  railroad 

140 

5-8 

160 

5-8 

track. 

160 

50 

180 

67 

180 

4-6 

200 

6-8 

188  • 

9-8 

* Center  of  railroad 

218 

152 

200 

47 

track. 

' 220 

131 

220 

47 

224 

n-4 

240 

67 

240 

90 

253 

14-5 

254 

— 2-5 

260 

•no 

300 

— 5-6 

280 

3'3 

400 

— 6-6 

295 

— 2-9 

500 

— 7-4 

400 

— 66 

600 

— 91 

500 

— 7‘4 

700 

— io-6 

600 

— 7‘4 

5 

800 

— 18-6 

700 

— 8-8 

900 

— 22-6 

800 

— 141 

1 000 

— 27-6 

900 

— 21-6 

1 100 

— 29-6 

1 000 

—26-1 

1 200 

— 32-6 

1 100 

—30*6 

1 300 

—35-6 

1 200 

—316 

1 400 

—39-6 

1 300 

—34- 1 

1 500 

—436 

1 400 

-366 

1 600 

—47-6 

1 460 

—396 
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Cross-sections  in  Cape  Cod  Bay—  Continued. 


CROSS-SECTION  No.  5. 

CROSS-SECTION  No.  7. 

1889. 

1889. 

[Origin : 

Latitude,  420 

0 2'  53''  ’5  ; longitude, 

[Origin  : 

Latitude,  420 

03'  00"  6 ; longitude, 

70° 

06'  47"  '8  ; azimuth,  38°  40.] 

70° 

06'  57"  '7  ; azimuth,  320  05'. 1 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

. below 

Remarks. 

from 

below  * 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

* 

level. 

Metres. 

Feel. 

- 

Metres. 

Feet. 

0 

3*9 

/ 

0 

2-9 

20 

4-i 

20 

3'3 

40 

4’4 

40 

4-8 

60 

6-5 

Center  of  railroad 

60 

4-6 

80 

4-6 

track. 

80 

47 

100 

51 

IOI 

64 

Center  of  railroad 

120 

139 

120 

2-8 

track. 

124 

12-4 

140 

7-2 

140 

4-1 

157 

15-9 

iS7 

— 31 

160 

14-8 

200 

— 61 

166 

ii*9 

3°° 

— 6-8 

180 

4’4 

400 

— 6-8 

199 

— 3‘3 

500 

- 7-8 

3°° 

— 71 

600 

— 91 

400 

— 6-6 

700 

—14-6 

500 

— 7-8 

800 

— 22-6 

600 

— 8-6 

900 

—28-6 

700 

— 12-6 

1 000 

-—30-6 

800 

— I5I 

1 100 

. —32-6 

900 

— 21-6 

1 200 

* —34-1 

1 000 

— 29-6 

1 300 

-36-6 

1 100 

—32-6 

1 200 

—32-6 

1 300 

—32-6 

1 400 

—37-6 

1 500 

-40-6 

1 600 

— 45‘6 
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Cross-sections  in  Cape  Cod  Bay — Continued. 


CROSS  SECTION  No.  9. 

1889. 

[Origin:  Latitude,  420  03'  05" ‘7;  longitude, 
70°  07'  09" '1 ; azimuth,  310  35'.] 

CROSS-SECTION  No.  11. 
1889. 

[Origin:  Latitude,  420  03'  11"  '3;  longitude, 
70°  oj'  ig"'6;  azimuth,  3.10  40'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

37 

0 

2-6 

20 

3’4 

20 

4-3 

40 

3’4 

40 

2-9 

60 

3'5 

60 

i-5 

80 

1*2 

80 

4-i 

88 

6-6 

Center  of  railroad 

100 

2-9 

100 

5-o 

track. 

*15 

6-4 

Center  of  railroad 

120 

1 '8 

120 

6-2 

track. 

140 

9-2 

140 

57 

160 

13-8 

Beach  stake. 

160 

1 1*4 

165 

10*4 

180 

13-6 

180 

40 

190 

120 

Crest  of  beach. 

198 

- 3-8 

200 

6-2 

300 

- 5-9 

225 

— 4-i 

400 

— 6-9 

300 

— 67 

500 

— 7’9 

400 

— 57 

600 

— 8-9 

500 

— 6-2 

700 

—107 

600 

- 87 

800 

—13-2 

700 

— 107 

900 

-157 

< 

800 

— 12-5 

1 000 

— 227 

900 

-127 

1 100 

-307 

1 000 

—157 

1 200 

—317 

1 100 

— 21-2 

1 300 

—337 

1 200 

— 257 

1 400 

--35’2 

1 300 

-287 

1 500 

—37‘2 

1 400 

—307 

1 500 

—327 

1 600 

— 367 
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Cross-sections  in  Cape  Cod  Bay — Continued. 


CROSS-SECTION  No.  13. 

CROSS-SECTION  No.  15. 

1889. 

1889. 

[Origin : 

Latitude,  42 0 

03'  I3,/  ’7!  longitude, 

[Origin : 

Latitude,  420 

03'  17" '2;  longitude. 

70' 

°7/  33"  0 5 azimuth,  270  45'.  ] 

70' 

0 °7'  45/,  i ; azimuth,  270  50'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

o-8 

0 

i'4 

14 

3-8 

16^ 

6-3 

Center  of  railroad 

34 

1 1 '9 

38 

12-6 

track. 

45/4 

6-4 

Center  of  railroad 

58 

131 

54 

io-8 

track. 

78 

94 

74 

22‘3 

98 

11 

94 

I4‘2 

1 12 

- 5'3 

104 

12-8 

200 

— 6-2 

114 

6-9 

.300 

— 7-2 

141 

— 4-2 

400 

- T 2 

• 

200 

— 6*2 

500 

— 8-2 

3°° 

— 67 

600 

— 8-2 

400 

— 7-2 

700 

— 10-2 

500 

— 7-2 

800 

— 1 1 '2 

600 

— 9-2 

900 

— 12-2 

700 

—107 

1 000 

-17-2 

800 

—13-2 

1 100 

— 227 

900 

-12-2 

1 200 

-257 

1 000 

-18-2 

1 300 

-28-2 

1 160 

-2  3'2 

1 400 

-297 

1 200 

—26-2 

1 500 

—317 

1 300 

— 29.2 

1 600 

—357 

1 400 

—307 

1 700 

—377 

1 500 

-327 

1 55° 

-357 
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Gross-sections  in  Gape  God  Bay — Continued. 


CROSS-SECTION  No.  17. 

1889. 

[Origin:  Latitude,  420  03'  21" ‘2;  longitude, 
70°  0/  57" '3;  azimuth,  26°  25'.] 

CROSS-SECTION  No.  19. 

1889. 

[Origin:  Latitude,  420  03'  26"  4 ; longitude, 
70°  o8'  08"  ‘3;  azimuth,  28°  oo'.J 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres. 

Feet. 

0 

T9 

0 

i-8 

15 

7.7 

20 

7-2 

35 

9-8 

27 

77 

Center  of  railroad 

55 

hi 

40 

1 0-0 

track. 

75 

12-8 

60. 

8-o 

95 

100 

79 

8-8 

TI5 

— 02 

100 

— 1-2 

i35 

— 3'6 

120 

— 31 

i55 

— 4’5 

140 

— 3-i 

17-5 

- 4-8 

160 

— 3'5 

195 

- 4-6 

180 

— 3'6 

300 

— 47 

200 

— 3-6 

* 4: 

400 

— 7'2 

220 

- 3-8 

500 

— 8-2 

3°° 

— 5-2 

9 

600 

- 7-2 

400 

— 5-2 

700 

— 9-2 

500 

— 6-2 

800 

— 9-2 

600 

— 77 

900 

— I 1-2 

700 

--  9-2 

1 000 

—167 

800 

- 8-9 

1 100 

—217 

900 

— 9-9 

1 200 

-247 

1 000 

-117 

1 300 

— 267 

1 ioo 

— 167 

1 400 

—297 

1 200 

— 227 

1 500 

-317 

1 300 

—247 

1 600 

—347 

1 400 

— 257 

1 700 

-367 

1 500 

— 267 

1 800 

—427 

1 600 

—297 

1 700 

—337 

1 800 

—367 

1 900 

—4i7 

H.  Ex.  43,  pt.  2—22 
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Cross-sections  in  Cape  Cod  Bay— Continued. 


CROSS-SECTION  No.  21. 

1S89. 

[Orjgin:  Latitude,  420  03'  31" '6;  longitude, 
70°  08'  18"  '5  ; azimuth,  40°  io'.] 

1 

CROSS-SECTION  No.  23. 

1889. 

[Origin:  Latitude,  420  03'  37"  c, ; longitude, 
70°  08'  28"  •£;  azimuth,  40°  io'.] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feet. 

Metres'. 

Feet. 

0 

I-5 

0 

27 

22 

6-i 

Center  of  railroad 

20 

3‘9 

40 

84 

track. 

38 

6-2 

Center  of  railroad 

60 

9’5 

60 

IOO 

track. 

80 

8-2 

80 

8-o 

94 

7-3 

94 

— 3‘3 

100 

5’2 

200 

— 3’5 

108 

- 4o 

300 

— 3*5 

200 

— 4‘5 

400 

— 37 

300 

— 4'5 

500 

— 37 

* 

400 

— 47 

600 

— 4’2 

500 

— 5‘5 

700 

— 4-2 

600 

— 5‘2 

800 

— 62 

700 

- 5‘5 

900 

— 6-2 

800 

— 6-5 

1 000 

- 5'9 

900 

— 7’9 

1 IOO 

- 8-9 

1 000 

- 8-5 

1 200 

— 7‘9 

1 100 

— 107 

1 300 

— 1 1-2 

1 200 

-11  7 

1 400 

—14  7 

1 300 

— 17-2 

1 500 

—217 

1 400 

— 24-2 

1 600 

—227 

1 500 

—247 

1 700 

—247 

1 600 

—257 

1 800 

—257 

1 700 

—277 

1 900 

—277 

1 800 

—297 

2 000 

-317 

1 900 

—337 

2 1 0.0 

—357 

- 
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Cross-sections  in  Cape  Cod  Bay — Continued. 


CROSS-SECTION  No.  25. 

CROSS-SECTION  No.  25— Continued. 

00 

00 

'O 

[Origin : 

Latitude,  42 

°3/  43,,"8;  longitude, 

70 

0 08'  38//-5  ; azimuth,  370  20  .] 

Height 

Height 

Distance 

above  or 

Distance 

above  or 

from 

below 

Remarks. 

from 

below 

Remarks. 

origin. 

mean  sea 

origin. 

mean  sea 

level. 

level. 

Metres. 

Feel. 

Metres. 

Feet. 

0 

16 

1 000 

— 5’2 

10 

1-9 

1 100 

- 87 

29i 

8-9 

Center  of  railroad 

1 200 

— 7*5 

track. 

1 300 

— 127 

50 

10-4 

1 400 

— 12  7 

70 

— 04 

1 500 

— 2T2 

99 

— 2-6 

1 600 

— 21  7 

200 

- 37 

1 700 

—23-2 

30  0 

— 4’5 

1 800 

— 24-2 

400 

— 37 

1 900 

--247 

500 

— 3‘9 

2 000 

—267 

600 

— 3'9 

2 100 

— 29-2 

700 

— 47 

2 200 

-337 

800 

— 47 

2 300 

—397 

900 

— 4’9 

2 400 

-537 

Elevation  of  Bench  marks  on  Cape  Cod , 


[Determined  by  geodetic  leveling,  1889.] 


Number  and  locality  of  bench-mark. 

Elevation  above  mean 
sea  level. 

B.  M.  XIII,  on  Cape  Cod  Light-House. 

B.  M.  XIV,  near  Cape  Cod  Light-House. 

T.  B.  M.  64,  near  Cape  Cod  Light-House. 

T.  B.  M.  69,  High  Head,  Truro. 

B.  M.  XV,  High  Head,  Truro. 

B.  M.  XVI,  near  railroad,  between  High  Head  and  Provincetown. 
B.  M.  XVII,  near  railroad,  between  High  Head  and  Provincetown. 
B.  M.  XVIII,  on  boundary  between  Truro  and  Provincetown. 

T.  B.  M.  76,  in  village  of  Provincetown. 

Cent.  Ch.  B.  M.,  in  village  of  Provincetown. 

Metres. 

42-1653 

37-5770 

39-2025 

20-1455 

1- 8503 

3- 383I 

4- 281 1 

2- 6797 
7-1957 
7-5621 

Feet. 

I38-337 

123-284 

128*617 

66094 

6-070 

11-099 

14-046 

8-792 

23-608 

24*810 

Note. — T.  B.  M.  76  and  Cent.  Ch.  B.  M.  connected  with  B.  M.  XVIII  by  duplicate  line  of 
common  levels,  in  1890. 
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DESCRIPTION  OF  BENCH-MARKS,  CAPE  COD,  MASSACHUSETTS. 

B.  M.  XIII.— On  Cape  Cod  Light-house  tower.  The  reference  is  the  middle  of  a 
horizontal  mark  cut  in  one  of  the  granite  window-sills  of  the  tower,  Highlands  of 
Truro,  Cape  Cod. 

Established  July  19,  1889. 

B.  M.  XIV. — In  a pasture  owned  by  I.  M.  Small,  about  360  metres  back  from  Cape 
Cod  Light-liouse.  The  reference  is  the  top  of  a copper  bolt  leaded  in  a large  rock. 
This  rock  is  one  of  three  in  the  immediate  vicinity  and  has  the  letters  “B.  M.”  cut 
in  top. 

Established  July  19,  1889. 

T.  B.  M.  64. — The  geometrical  centre  of  the  top  of  the  stone  post  marking  the 
northwest  corner  of  the  Cape  Cod  Light-house  grounds.  This  post  is  of  granite,  hav- 
ing a dressed  top  with  the  letters  “U.  S.  L.  H.  E.”  cut  in  it.  It  is  also  just  at  the  corner 
of  the  platform  in  front  of  the  Highland  signal  station. 

Established  July  2,  1889. 

T.  B.  M.  69. — T.  B.  M.  69  is  near  High  Head,  town  of  Truro,  Cape  Cod,  Mass.,  and 
is  on  land  owned  by  Thomas  F.  Small.  It  is  the  centre  of  the  top  of  a granite  post 
that  is  located  on  top  of  the  second  bluff  to  the  eastward  of  William  Holden’s  house; 
the  post  has  a dressed  top,  is  about  6 by  6 inches,  and  projects  one  foot  above  ground ; 
has  the  letters  “U.  S.  No.  3”  cut  in  one  of  its  sides.  Placed  here  by  United  States 
Engineers. 

Established  as  a T.  B.  M.,  July  8,  1889. 

B.  M.  XV. — B.  M.  XV  is  at  High  Head,  town  of  Truroj  Cape  Cod,  Mass.,  on  the 
land  of  William  Holden.  It  is  the  top  of  a copper  bolt  that  is  leaded  in  a large 
bowlder;  the  bowlder  is  buried  about  one  foot  under  ground  and  is  between  wagon- 
track  and  fence,  just  east  of  William  Holden’s  wagonhouse,  being  34.8  metres  from 
the  northeast  corner;  it  is  79.9  metres  from  northeast  corner  of  house  (upright  part), 
and  57.9  metres  from  northwest  corner  of  barn. 

Established  July  3,  1889. 

Mr.  William  Holden  knows  its  location. 

B.  M.  XVI. — B.  M.  XVI  is  in  the  town  of  Truro,  Cape  Cod,  Mass.  It  is  the  highest 
point  on  the  top  of  the  one  hundred  and  sixteenth  milepost,  Cape  Cod  division  of  the 
Old  Colony  Railroad.  The  said  post  stands  close  to  the  track  on  the  north  side,  and 
is  about  halfway  between  the  villages  or  depots  of  North  Truro  and  Provincetown ; 
it  is  a rough  granite  post  about  one  foot  square,  projecting  five  feet  above  ground; 
two  adjoining  faces  near  the  top  are  dressed,  on  each  of  which  are  the  figures  “116” 
put  on  with  black  paint. 

Established  July  11,  1889. 

B.  M.  XVII. — B.  M.  XVII  is  in  the  town  of  Truro,  Cape  Cod,  Mass.  It  is  the  high- 
est point  on  the  top  of  the  one  hundred  and  seventeenth  milepost,  Cape  Cod  division 
of  the  Old  Colony  Railroad.  The  said  post  stands  close  to  the  track  on  the  north  side, 
and  is  about  two  and  a half  miles  from  the  depot  at  JProvincetown ; it  is  also  just 
east  of  where  the  wagon  road  crosses  the  track,  near  the  east  end  of  the  dike,  at 
Beach  Point;  it  is  a rough  granite  post  about  one  foot  square,  projecting  nearly  six 
feet 'above  ground;  two  adjoining  faces  near  the  top  are  dressed,  on  each  of  which 
are  the  figures  “117”  put  on  with  black  paint. 

Established  Juty  11,  1889. 

B.  M.  XVIII. — B.  M.  XVIII  is  on  the  town  line  between  the  towns  of  Truro  and 
Provincetown,  Cape  Cod,  Mass.  It  is  the  highest  point  on  the  top  of  the  rough 
granite  post  known  as  Truro  Corner  5,  and  stands  on  the  northeast  side  of  the  dike 
at  Beach  Point;  it  projects  about  eighteen  inches  above  ground,  and  has  the  letter 
“T”  cut  in  the  Truro  side  and  “P”  in  the  Provincetown  side  of  the  post. 

Standing  just  across  the  roadway  (on  the  southwest  side  of  dike)  is  a stone  post 
similar  in  size  and  shape,  that  is  also  on  the  town  line. 

Established  July  11,  1889. 
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T.  B.  M.  76. — T.  B.  M.  76  is  in  the  village  of  Provincetown,  Cape  Cod,  Mass.  It 
is  the  top  of  the  dressed  granite  post  standing  at  the  southeast  corner  of  church-yard 
of  Centenary  M.  E.  Church;  it  is  the  post  in  which  the  iron  post  of  the  fence  sets, 
corner  of  Commercial  and  Wintlirop  streets. 

Standing  just  on  the  east  side  of  the  bench  (in  Wintlirop  street)  is  a rough  granite 
post  that  is  about  one  foot  higher. 

Established  September  17,  1889. 

Centenary  Church  B.  M. — A line  cut  in  brick  foundation  of  Centenary  M.  E.  Church, 
at  Provincetown,  Mass.  B.  M.  is  on  east  side  of  front  part  of  church,  1£  metres  east 
of  front  steps;  it  is  on  the  fourth  brick  from  southeast  corner  and  on  the  second 

course  below  the  wooden  part  of  the  building,  marked 

The  B.  M.  is  27  metres  northeast  of  T.  B.  M.  76. 

Established  June  30,  1890. 
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ON  OBSERVATIONS  OF  CURRENTS  WITH  THE  DIRECTION-CURRENT 
METER  IN  THE  STRAITS  OF  FLORIDA  AND  IN  THE  GULF  OF 
MEXICO,  1891. 


A report  by  E..E.  Haskell,  Assistant.  * 
Submitted  for  publication  April  9,  1892. 


The  following  report  on  the  current  observations  made  with  the 
direction-current  meter  on  board  the  Coast  and  Geodetic  Survey 
steamer  Blake , Lieut.  0.  E.  Yreeland,  U.  S.  Navy,,  commanding,  in  the 
Straits  of  Florida  and  the  Gulf  of  Mexico,  during  the  months  of  January, 
February,  March,  and  April,  1891,  is  herewith  respectfully  submitted 
for  publication. 

The  direction-current  meter  being  a recent  invention,  a joint  one  by 
Mr.  E.  S.  Ritchie,  of  compass  fame,  and  the  writer,  a brief  description 
of  it  may  not  be  out  of  place  at  this  point. 

DESCRIPTION  OF  METER. 

As  its  name  implies,  it  is  an  instrument  for  determining  the  direction 
and  the  velocity  or  the  set  and  the  drift  of  a current  of  running  water. 
It  records  these  electrically  on  registers  before  the  observer,  so  that 
when  once  in  the  water  it  only  needs  to  be  shifted  from  depth  to  depth 
at  which  information  is  required. 

Illustration  No.  13  gives  a general  view  of  the  meter  as  it  appears 
ready  for  lowering  in  the  water,  together  with  its  direction  and 
its  velocity  register.  In  observing  a current  it  is  suspended  in  the 
water  from  a boat  at  anchor  by  a single  cable,  the  core  of  which  is 
made  up  of  the  necessary  number  of  insulated  wires  forming  the 
operating  circuits.  The  armor  or  covering  of  the  cable  furnishes  the 
necessary  tensile  strength  for  carrying  the  weight  of  the  meter  and  the 
strain  brought  by  the  friction  of  the  running  water  on  both  meter  and 
cable. 

The  velocity  wheel  is  of  the  propeller  or  screw  type,  conical  in  front 
to  constitute  a self- clearing  prow  for  all  debris  moving  with  the  current. 
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The  mass  lias  been  concentrated  as  closely  as  possible  to  its  axis  of 
revolution,  thus  making  its  moment  of  inertia  a minimum.  The 
bearings  about  which  the  wheel  revolves  are  of  large  surface  and 
entirely  under  cover.  It  is  impossible  for  grit  or  sand  to  work  into 
them.  The  electric  connection  or  the  “make”  and  “break”  of  the 
circuit  for  transmitting  the  number  of  revolutions  of  the  wheel  to  the 
counting  register  in  the  boat  is  placed  entirely  inside  the  meter,  where 
it  is  free  from  accident  and  sure  of  contact. 

The  central  chamber  or  body  of  the  meter  is  a compass,  whose 
needle  is  free  to  assume  the  magnetic  meridian  at  all  times.  This 
chamber  is  filled  with  oil,  giving  stability  to  and  preventing  rust  of 
the  needle  and  other  mechanism.  An  expansion  bag  compensates  for 
changes  in  temperature  and  establishes  equilibrium  of  pressure 
between  the  inside  and  outside  of  the  chamber  when  immersed.  By 
the  use  of  an  electric  circuit,  the  angle  .to  the  nearest  degree  between 
the  direction  of  the  current  and  the  magnetic  needle  or  meridian  is 
transmitted  to  the  repeater  or  direction  register  in  the  boat.  The  two 
observations  or  the  velocity  and  the  direction  of  the  current  can  thus 
be  taken  simultaneously  and  repeated  at  will. 

The  main  principles  kept  in  view  in  the  design  and  construction  of 
the  apparatus  are:  (1)  That  it  should  offer  a minimum  of  interruption 

to  the  free  flow  of  water,*  (2)  that  nothing  should  be  allowed  in 
proximity  to  the  wheel  that  would  tend  to  create  an  eddy  or  whirl;  (3) 
that  it  should  be  extremely  sensitive  in  conforming  to  the  direction  of 
the  current,  both  horizontally  and  vertically;  (4)  that  the  current 
pressure  should  be  integral  and  not  differential  in  its  action  on  the 
meter  Avheel  (the  pressure  surface  in  this  wheel  is  44  square  inches) ; (5) 
that  the  bearings  of  the  wheel  should  be  of  large  surface  and  so  pro- 
tected that  they  may  be  subject  to  a minimum  of  change  in  form  by 
wear,  thus  maintaining  a constant  rate ; (6)  that  it  should  not  be  frail 
but  capable  of  withstanding  rough  treatment,  to  which  through  force 
of  circumstances  it  is  many  times  subjected. 

HISTORICAL. 

The  outfit  for  making  the  observations  under  discussion  was  one 
designed  for  river  and  harbor  currents  or  where  the  depth  of  water 
would  not  be  likely  to  exceed  30  fathoms.  It  was  taken  from  this 
class  of  work  and  placed  on  board  the  Blake  for  trial  in  the  open  sea 
while  she  was  on  one  of  her  regular  cruises  in  connection  with  the 
Gulf  Stream  investigation.  Barring  a few  mishaps,  which  occurred 
mainly  to  the  lowering  cable  and  which  could  be  prevented  in  future 
observations,  the  trial  was  entirely  satisfactory  and  sustained  the 
good  record  the  instrument  had  previously  made. 

The  Blake  arrived  on  the  working  ground,  a cross  section  between 
Jupiter  Inlet,  Florida,  and  Memory  Rock  on  Little  Bahama  Bank, 
January  S,  1891.  She  spent  the  remainder  of  the  month  in  this 
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locality,  waiting  mainly  for  good  weather  and  obtaining  only  inter- 
rupted sets  of  observations  on  three  stations,  Bl,  Bla,  and  B5  (see  illus- 
tration No.  14).  The  Wind  blew  nearly  a gale  the  larger  part  of  the 
time,  keeping  up  such  a sea  that  it  was  impossible  to  anchor.  In  the 
hope  of  finding  more  favorable  weather  in  the  Gulf  of  Mexico  the 
Blake  took  her  departure  for  that  locality  about  February  1,  spending 
the  rest  of  the  season  in  the  eastern  half.  Although  the  weather  con 
ditions  here  were  not  all  that  could  be  desired,  quite  a number  of  cur- 
rent stations  were  occupied,  at  each  of  which  good  sets  of  observations 
were  obtained. 

For  nearly  half  a century,  data  from  actual  observations  on  the  tides 
and  the  currents  of  the  Gulf  of  Mexico  have  been  accumulating  in  the 
Survey,  and  from  time  to  time  they  have  been  discussed  and  results 
published.  A careful  perusal  of  these  reports  reveals  in  nearly  every 
instance  that  a satisfactory  solution  or  conclusion  could  not  be  reached 
from  the  data  in  hand.  There  was  an  element  usually  attributed  to 
wind  and  atmospheric  pressure  of  which  they  had  no  measure.  With 
our  observations  of  last  winter  here  to  be  discussed  we  are  in  the  same 
condition,*  we  lack  data,  but  what  we  have  should  be  of  value,  for  it  is 
out  of  a collection  of  such  information  that  eventually  must  come  a 
thorough  knowledge  of  the  circulation  of  this  inland  sea. 

DISCUSSION  OF  OBSERVATIONS. 

On  the  small  chart  of  the  Gulf  of  Mexico  and  parts  of  adjacent 
waters  accompanying  this  report  (illustration  No.  14)  are  plotted  the 
current  stations  occupied.  The  arrows,  with  their  figures,  indicate  the 
mean  velocity  in  knots  per  hour  and  the  direction  of  the  surface  current. 

Plotted  on  illustrations  Nos.  15  to  21,  in  which  time  is  taken  as  the  ab- 
scissa and  velocity  as  the  ordinate,  are  the  time-curves  of  velocity  of 
stations  X4,  Y6,  Y3,  Y5,  Z3  and  Z3a,  Y and  Va  and  N3  and  N4,  together 
with  the  phases  of  the  moon.  The  latter  being  represented  by  the 
usual  symbols,  its  declination  north  or  south  by  its  position  above  or 
below  the  line  of  origin  of  ordinates,  and  its  upper  or  lower  transit  by 
the  subscript  u or  l* 

A careful  study  of  all  these  time-curves  of  velocity  reveals  only  in  a 
few  instances  anything  resembling  a tidal  flow.  It  is  difficult,  if  not 
impossible,  to  pick  out  any  recurring  phenomenon  that  we  can  say 
belongs  to  the  mooifls  transit  or  (jeclination.  It  may  be,  however,  and 
probably  is  the  case,  that  we  have  no  series  of  observations  long 
enough,  about  twenty-six  hours  being  the  greatest  at  any  one  time  on 
a station,  to  make  any  predictions  or  draw  any  conclusions,  for  during 
that  time  the  winds  and  barometric  gradients  might  have  been  such  as 
to  entirely  overbalance  normal  conditions. 

*These  statious  being  characteristic  of  the  whole  group  occupied,  the  others  are 
purposely  omitted. 
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The  tide  of  the  Gulf  of  Mexico,  an  interference  one  of  three  waves, 
that  of  the  Gulf  itself,  that  of  the  Caribbean  Sea,  and  that  of  the  At- 
lantic by  the  two  entrances,  the  Channel  of  Yucatan  and  Straits  of 
Florida,  is  not  well  understood,  and  we  can  hardly  say  that  we  know 
what  should  be  expected.  A glance  at  illustration  No.  14  will  surely 
convince  the  most  skeptical  that  all  the  currents  there  shown  could  not 
be  purely  tidal  or  all  taking  place  at  the  same  time.  To  clear  up  this 
seeming  mass  of  contradictions,  the  most  logical  method  of  procedure 
seems  to  be  to  consider  all  of  those  stations  occupied  in  any  one  trip 
of  the  vessel  at  sea  as  a series  by  themselves,  studying  them  in  con- 
nection with  the  meteorological  conditions  prevailing  over  the  Gulf  at 
the  time.  Accordingly,  to  get  our  data  before  us  for  ready  reference 
and  a guide,  Tables  I and  II  have  been  compiled.  In  Table  I will  be 
found  the  date  ; the  name  of  the  current  station  with  its  latitude,  longi- 
tude, and  depth;  the  mean  velocity  and  the  direction  of  the  surface 
current;  the  direction  and  velocity  of  the  wind  and  the  moon’s  phases. 
In  Table  II  will  be  found  for  the  period  of  observations  in  the  Gulf  of 
Mexico  the  direction  and  the  velocity  of  the  wind  and  the  reading- of 
the  barometer  at  Brownsville,  Corpus  Ohristi,  and  Galveston,  Tex.; 
New  Orleans,  La.;  Mobile,  Ala.;  Pensacola,  Tampa,  and  Key  West, 
Fla.;  data  kindly  furnished  us  by  Prof.  Harrington,  Chief  of  the 
Weather  Bureau,  from  their  weather  stations  bordering,  the  Gulf,  to- 
gether with  similar  observations  made  aboard  the  vessel  at  the  cur- 
rent stations.  Prof.  Harrington  has  also  kindly  furnished  us  a 
complete  file  of  the  morning  and  evening  weather  map  for  Washing- 
ton, H.  C.,  that  has  aided  materially  in  the  discussion,  giving  at  a 
glance  a much  better  idea  of  the  atmospheric  circulation  over  the  Gulf 
than  can  be  obtained  from  the  tabulated  data.  These,  it  is  to  be  re- 
gretted, are  too  bulky  to  be  here  reproduced. 

Before  entering  upon  the  discussion  of  the  observations,  it  seems  ad- 
visable to  call  attention  to  a few  points,  that  we  may  thoroughly  appre- 
ciate all  the  conditions.  The  Gulf  on  the  twenty-fifth  parallel  is  about 
900  nautical  miles  long,  and  on  the  eighty-ninth  meridian,  or  between 
the  Mississippi  Delta  and  the  Peninsula  of  Yucatan,  about  450  nau- 
tical miles  wide,  and  has  an  average  depth  of  800  fathoms.  From  sta- 
tion N1,  nearly  central  in  our  group,  it  is  about  ,700  nautical  miles  to 
Tampico,  Mexico,  600  to  Corpus  Christi,  300  to  Pensacola,  200  to 
Tampa,  and  230  to  Key  West.  These  distances,  it  will  be  seen,  are 
great  enough  to  permit  of  very  different  atmospheric  conditions  in 
different  parts  of  the  Gulf,  causing  what  we  might  call  local  disturb- 
ances, or  the  atmospheric  gradients  might  be  so  marked  as  to  involve 
the  whole  Gulf  area.  It  is  only  the  latter  that  can  be  at  all  considered 
here,  and  that  imperfectly,  as  our  data  come  from  one  side  of  the 
Gulf  only. 

Unequal  atmospheric  pressure  and  wind  over  any  are^  are  cause  and 
effect,  the  greater  the  inequality  of  pressure  the  stronger  the  wind. 
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Over  a water  surface  unequal  atmospheric  pressure  and  wind  both 
become  causes,  acting  generally  at  an  angle  with  each  other  to  pro- 
duce a current.  The  former  is  the  equivalent  of  a head  to  be  spent  as 
a gravity  force  in  the  direction  of  the  trend  of  the  barometric  gradient, 
while  the  latter  acts  by  friction  on  the  surface  to  produce  a current  in 
its  direction.  There  is  little  or  no  information  extant  as  to  the  current 
that  any  known  velocity  of  wind  and  barometric  gradient  will  produce, 
nor  is  there  a definite  enough  relation  between  direction  of  wind  and 
trend  of  barometric  gradient  to  permit  of  making  more  than  the  gen- 
eral statement  that  the  current  should  be  in  the  direction  of  the  result- 
ant of  the  two  forces. 

In  the  following  but  little  stress  is  laid  on  winds  of  less  velocity  than 
10  miles  per  hour,  unless  blowing  steadily  from  one  direction  for  sev- 
eral days,  or  upon  barometric  gradients  under  three  or  four  tenths  of 
an  inch  in  as  many  hundred  miles. 

Very  frequently  we  see  winds  along  our  coast  that  raise  the  mean- 
sea  level  for  a time  a foot  or  more.  A rise  of  one  foot  in  the  Gulf  area 
north  of  the  twenty-eighth  parallel  of  latitude  means  enough  water  to 
maintain  the  Mississippi  Biver  discharging  at  its  flood  capacity  of 
about  two  million  cubic  feet  per  second  at  its  mouths  for  over  seventeen 
days  of  twenty-four  hours  each.  This  will  convey  some  idea  of  the 
quantity  of  water  that  may  accumulate  in  any  part  of  the  Gulf  under 
forces  from  a certain  direction,  and  the  current  that  would  be  created 
when  such  an  accumulation  was  left  to  obey  gravity  or  to  such  forces 
as  accumulated  it  when  coming  from  other  directions. 


Table  I. — Observations  of  currents  in  the  Straits  of  Florida  and  in  the  Gulf  of  Mexico. 
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Table  II. — Observations  of  currents  in  the  Gulf  of  Mexico. — 
Meteorological  data. 


Date, 

1891. 

At  Current  Station. 

Brownsville,  Tex. 

Wind,  direction,  and  ve- 
locity (in  miles  per 
hour). 

Barometer 

(aneroid). 

Wind,  direction,  and 
velocity  (in  miles 
per  hour). 

Barometer  re- 
duced to  sea. 

8 a. 

m. 

8 p.  m. 

8 a.  m. 

8 p.  m. 

8 a.  m. 

8P. 

m. 

8 a.  m. 

8 p.  m. 

Feb. 

1 

• 

N. 

7 

NE. 

8 

30-046 

30-052 

2 

SE. 

3 

S. 

12 

29-999 

29-904 

3 

S. 

10 

N. 

16 

•926 

30-208 

4 

NE.byN.u 

3013 

NW. 

12 

N. 

10 

30-382 

-298 

5 

NE. 

14 

ENE.  9 

30-17 

3013 

0 

S. 

9 

•172 

•003 

6 

SE.  4 

29-98 

S. 

11 

S. 

19 

29-917 

29-723 

7 

SE. 

9 

SE.  9 

29-93 

2903 

SE. 

2 

E. 

7 

29-786 

737 

8 

SE. 

1 1 

SE.  15 

29-93 

30-02 

S. 

10 

S. 

9 

747 

•720 

9 

SE. 

14 

30-06 

0 

N. 

16 

•850 

30-227 

10 

SE. 

9 

SW.  i 

30-12 

30-14 

N. 

12 

0 

30*371 

•214 

1 1 

E.  9 

30-16 

0 

E. 

6 

•070 

29-931 

12 

SE. 

H 

ESE.  2 

30-14 

30-10 

S. 

4 

NW. 

3 

29-901 

*939 

13 

N. 

10 

NW. 

3 

30-043 

3o-i59 

14 

N. 

5 

N. 

6 

151 

•079 

15 

( 

NW. 

4 

E. 

4 

•086 

30-000 

16 

S. 

6 

SE. 

9 

29-963 

29-868 

17 

s. 

9 

SE. 

6 

29-899 

•870 

18 

s. 

10 

S. 

9 

•893 

•844 

19 

s. 

18 

s. 

16 

•843 

*754 

20 

s. 

6 

NE. 

14 

*737 

•803 

21 

N. 

12 

NE. 

10 

*93i 

30-061 

22 

W. 

7 

E. 

7 

30-153 

•004 

23 

ENE. 

9 

E.  by  N.  9 

3006 

3007 

s. 

10 

S. 

18 

29-987 

29-901 

24 

ESE.  4 

29-98 

s. 

20 

S. 

20 

•861 

•704 

25 

SE. 

11 

SW.  11 

29-92 

29-82 

NE. 

12 

E. 

7 

•828 

•819 

26 

W. 

13 

NE. 

7 

30292 

30-391 

27 

E. 

7 

S. 

13 

•203 

•114 

28 

S. 

8 

SE. 

9 

•156 

•217 

Mar. 

1 

s. 

7 

SE. 

9 

•198 

•124 

2 

s. 

10 

S. 

21 

*095 

29-926 

3 

s. 

29 

S. 

4 

29-846 

•874 

4 

N. 

12 

N. 

6 

3001 1 

*949 

5 

NW. 

4 

SE. 

5 

29-846 

•741 

6 

SE. 

9- 

SE.  9 

3002 

2995 

s. 

16 

SE. 

6 

•701 

*535 

7 

s. 

12 

E. 

5 

*570 

•525 
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Table  II. — Observations  of  currents  in  the  Gulf  of  Mexico. — 
Meteorological  data — Continued. 


At  Current  Station. 

Brownsville, 

Tex. 

Date, 

1891. 

Wind,  d 
locity 
hour). 

rection,  and  ve- 
(in  miles  per 

Barometer 

(aneroid). 

Wind,  direction,  and 
velocity  (in  miles 
per  hour). 

Barometer  re 
duced  to  sea. 

8 a.m. 

8p. 

m. 

8 a.  m. 

8 p.  m. 

8 a.  m. 

8 P- 

m. 

8 a.  m. 

8 p.  m. 

Mar. 

8 

NE. 

16 

NE. 

5 

* 30-003 

30-109 

9 

N. 

10 

SE. 

3 

•347 

•307 

10 

0 

SE. 

3 

•204 

•056 

1 1 

SSE.  - 

15 

30-0-1 

SE.  . 

7 

SE. 

8 

29-933 

29-870 

12 

S.  by  E. 

15 

30-00 

E. 

1 

N. 

16 

•888 

•980 

13 

N. 

12 

N. 

12 

'30-320 

30294 

H 

NW. 

7 

E. 

3 

•3i3 

•211 

15 

E. 

16 

N. 

15 

•063 

•031 

l6 

N. 

10 

N. 

~8 

•246 

•179 

17 

N. 

4 

SE. 

6 

•064 

29-864 

18 

S. 

4 

SE. 

6 

29-869 

•873 

19 

0 

30"°4 

N. 

20 

N, 

12 

30-013 

30-081 

20 

SW. 

2 

E. 

7 

30-04 

30"°4 

N. 

6 

SE. 

4 

30037 

29-944 

21 

sw. 

9 

W. 

1 1 

29-95 

29-92 

S. 

3 

E. 

6 

29-986 

3003I 

22 

NNE. 

1 1 

NNW. 

2 

29-92 

29-94 

E. 

1 

SE. 

12 

•943 

29-859 

23 

N.  by  E. 

4 

29-91 

SW. 

10 

SE. 

7 

•792 

•692 

24 

SE. 

9 

E. 

9 

•714 

•793 

25 

N. 

12 

N. 

12 

•899 

•986 

26 

N. 

6 

SE. 

7 

30-127 

30.028 

27 

S. 

7 

S. 

10 

•044 

29-917 

28 

s. 

10 

s. 

13 

29-833 

29-802 

29 

s. 

17 

s. 

9 

•789 

•691 

3° 

. 

s. 

5 

s. 

10 

•745 

•688 

3i 

S. 

4 

SW. 

1 

2998 

2998 

NE. 

i5 

E. 

10 

•924 

“ -859 

Apr. 

•891 

S. 

4 

s. 

9 

29-95 

29-97 

SW. 

4 

E. 

10 

•837 

2 

ssw. 

15 

NW. 

4 

29-93 

29-97 

N. 

24 

N.  - 

15 

30161 

30-209 

3 

NNW. 

14 

29-98 

N. 

9 

NE. 

9 

•294 

•221 

4 

N.  ' 

9 

•3°- 1 1 

N. 

6 

E. 

6 

30-395 

•263 

5 

NNW. 

4 

NW. 

17 

30-14 

30-17 

NE. 

6 

E. 

5 

'397 

•397 

6 

NE. 

4 

30-28 

SE. 

7 

S. 

13 

•334 

•123 

7 

ENE. 

1 

SE. 

9 

30-26 

30-20 

S. 

10 

s. 

15 

•044 

29  959 

8 

SE. 

9 

ESE. 

1 1 

30-16 

30-14 

S. 

13 

s. 

15 

29-931 

•871 

9 

E. 

11 

30"°5 

s. 

12 

SE. 

7 

•920 

•972 

„ 10 

s. 

5 

E. 

9 

•958 

30028 
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Table  II. — Observations  of  currents  in  the  Gulf  of  Mexico. — 
Meteor o logical  data — c on tin  ued. 


Date, 

1891. 

Corpus  Christi,  Tex. 

Galveston, 

Tex. 

Wind,  direction,  and  ve- 
locity (in  miles  per 
hour). 

Barometer  re- 
duced to  sea. 

Wind,  direction,  and 
velocity  (in  miles 
per  hour). 

Barometer  re- 
duced to  sea. 

8 a. 

m. 

8p. 

m. 

8 a.  m. 

8 p.  m. 

8 a.  m. 

8p. 

m. 

8 a.  m. 

8 p.  m. 

Feb. 

1 

NE. 

6 

E. 

16 

30-086 

30-087 

0 

SE. 

3 

30-099 

30-120 

2 

E. 

6 

SE. 

12 

-019 

29-908 

E. 

12 

S. 

10 

•067 

29-936 

3 

NE. 

8 

N. 

22 

29-987 

30-267 

NW. 

I 

N. 

28 

•004 

30-218 

4 

N. 

12 

NE. 

18 

30-43I 

•335 

NE. 

20 

E. 

8 

•404 

•361 

5 

NE. 

9 

NE. 

5 

•201 

•008 

SE. 

8 

SE. 

12 

•242 

•079 

6 

SE. 

6 

S. 

15 

29897 

29-737 

S. 

8 

SW. 

9 

29-947 

29-785 

7 

0 

S. 

6 

•794 

•749 

SW. 

7 

SE. 

5 

•807 

•772 

8 

S. 

9 

E. 

10 

•742 

•759 

s. 

13 

SE. 

10 

•803 

•827 

9 

N. 

26 

NW. 

17 

•999 

30-278 

NW. 

24 

NW. 

28 

•956 

30-219 

10 

N. 

12 

N. 

4 

30-392 

•278 

NE. 

24 

0 

30-34I 

•221 

1 1 

N. 

6 

N. 

4 

•105 

29-952 

SE. 

2 

0 

•154 

-024 

12 

S. 

2 

NW. 

9 

29-935 

•967 

S. 

13 

NW. 

12 

29-952 

29-984 

13 

NW. 

f 2 

N. 

7 

30-107 

30-156 

NW. 

12 

NE. 

12 

30-059 

30-132 

H 

NW. 

10 

NW. 

10 

•179 

•100 

NE. 

16 

N. 

24 

150 

•018 

15 

NW. 

9 

SE. 

9 

•062 

29-991 

NW. 

9 

O 

29-97o 

•008 

16 

S. 

9 

SE. 

18 

29-964 

•861 

S. 

4 

S. 

9 

•989 

29-909 

17 

s. 

13 

SE. 

13 

•899 

•865 

s. 

8 

SW. 

6 

•949 

•921 

18 

s. 

12 

SE. 

21 

•913 

•891 

s. 

3 

SE. 

12 

•998 

•968 

19 

SE. 

15 

SE. 

21 

•884 

•769 

SE. 

14 

SE. 

1.3 

•979 

•884 

20 

SE. 

13 

N. 

12 

•728 

•81 1 

SE. 

12 

NE. 

6 

■839 

•802 

21 

N. 

9 

N. 

7 

30-007 

30-076 

NW. 

16 

N. 

12 

•930 

30-077 

22 

E. 

18 

SE. 

19 

•135 

•035 

E. 

16 

SE. 

14 

30-I53 

•102 

23 

SE. 

6 

SE. 

24 

29-987 

29-883 

SE. 

9 

SE. 

8 • 

•023 

29-946 

24 

S. 

17 

SE. 

24 

•849 

•701 

S. 

12 

SE. 

10 

29-907 

•782 

25 

N. 

12 

NW. 

24 

•873 

•807 

W. 

6 

NW. 

10 

•827 

•804 

26 

N. 

16 

NE. 

8 

30-379 

30-398 

NW. 

36 

N. 

18 

30-288 

30-378 

27 

SE. 

10 

SE. 

19 

•312 

•104 

S. 

1 1 

S. 

I3 

*349 

•170 

28 

S. 

3 

SE. 

5 

•189 

*231 

SW. 

8 

w. 

6 

•208 

-253 

Mar. 

1 

sw. 

4 

SE. 

19 

•218 

•114 

NE. 

3 

s. 

9 

•258 

•163 

2 

s. 

6 

SE. 

29 

•089 

29-898 

S. 

10 

s. 

12 

1 18 

29-976 

3 

s. 

5 

N. 

24 

29-862 

30-009 

SW. 

9 

NW. 

22 

29-919 

30-009 

4 

N. 

13 

N. 

13 

30-097 

29-979 

NE. 

24 

NE. 

22 

30-094 

•OO9 

5 

N. 

8 

E. 

6 

29-866 

•769 

E. 

7 

S. 

12 

29-862 

29-757 

6 

NE. 

6 

E. 

12 

•748 

•660 

S. 

4 

s. 

12 

•810 

•745 

7 

SE. 

IO 

N. 

30 

•577 

'698 

s. 

12 

NW. 

26 

•630 

•677 
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Table  II. — Observations  of  currents  in  the  Gulf  of  Mexico. — 
Meteorological  data— Continued. 


Date, 

1891. 

Corpus  Christi, 

Tex. 

Galveston,  Tex. 

Wind,  direction,  and 
locity  (in  miles 
hour). 

ve- 

per 

Barometer  re- 
duced to  sea. 

Wind,  direction,  and 
velocity  (in  miles 
per  hour). 

Barometer  re- 
duced to  sea. 

8 a.  m. 

8 p.  m. 

8 a.  m. 

8 p.  m. 

8 a. 

m. 

8p. 

m. 

8 a.  m. 

8 p.  m. 

Mar. 

8 

NW. 

18 

N. 

14 

30040 

30153 

N. 

26 

NW. 

20 

29*935 

30089 

9 

N. 

4 

SE. 

10 

•390 

•306 

NW. 

12 

S. 

6 

30-327 

*3°o 

10 

W. 

7 

SE. 

10 

•232 

*075 

SE. 

IO 

SE. 

16 

•305 

•138 

11 

s. 

3 

SE. 

13 

29*957 

29-901 

S. 

6 

SE. 

8 

•005 

29-910 

12 

NE. 

18 

N. 

23 

•922 

30135 

E. 

1 1 

N. 

28 

29-952 

30036 

*3 

NW. 

13 

N. 

10 

30-369 

*353 

N. 

24 

N. 

12 

30*304 

*313 

14 

N. 

13 

E. 

25 

•390 

•282 

E. 

16 

E. 

13 

•428 

•368 

15 

E. 

24 

N. 

24 

•145 

•146 

NE. 

18 

NE. 

22 

*333 

•203 

16 

N. 

8 

SE. 

9 

•293 

•178 

N. 

16 

NE. 

3 

•232 

*155 

i7 

0 

E. 

8 

•082 

29-875 

NE. 

3 

SE. 

4 

•096 

29*9I3 

18 

SE. 

2 

SE. 

7 

29-887 

•896 

S. 

4 

S. 

12 

29912 

•888 

19 

N. 

36 

N. 

5 

3°-n7 

30103 

N. 

18 

N. 

6 

3°*ii5 

30-067 

20 

N. 

4 

E. 

9 

•052 

29-936 

N. 

4 

S. 

6 

•081 

29-966 

21 

N. 

11 

SE. 

5 

•064 

30-028 

W. 

8 

NW. 

2 

•014 

•996 

22 

S. 

4 

E. 

30 

29-952 

29841 

NW. 

4 

SE. 

14 

-006 

•889 

23 

NE. 

24 

E. 

12 

•818 

*735 

N. 

4 

E. 

12 

29-882 

•812 

24 

SE. 

9 

SE. 

9 

*754 

•830 

SE. 

12 

SE. 

13 

•837 

•834 

25 

N. 

23 

N. 

12 

•982 

30026 

N. 

23 

N. 

13 

*985 

•978 

26 

NW. 

10 

NW. 

4 

30*16  3 

•01 1 

N. 

16 

N. 

20 

30*o55 

3000 1 

27 

0 

SE. 

17 

•078 

29-909 

NW. 

4 

S. 

12 

•095 

29-957 

28 

SE. 

9 

SE. 

19 

29911 

.‘818 

S. 

12 

s. 

12 

29911 

*934 

29 

SE. 

15 

SE. 

16 

•794 

*747 

SE. 

13 

SE. 

14 

•867 

•823 

30 

SE. 

■7 

SE. 

6 

•760 

•736 

SE. 

13 

S. 

12 

•817 

•732 

3i 

N. 

12 

E. 

24 

*974 

•878 

NE. 

12 

SE. 

12 

•967 

•901 

Apr. 

1 

E. 

6 

E. 

6 

•861 

•900 

E. 

1 1 

E. 

5 

•879 

•884 

2 

N. 

23 

NW. 

5 

30*228 

30-259 

N. 

24 

NW. 

9 

30-166 

30-181 

3 

NW. 

9 

SE 

5 

*341 

*233 

N. 

24 

N. 

18 

*3°2 

•197 

4 

NE. 

19 

SE. 

9 

*354 

•330 

N. 

22 

N. 

12 

•37i 

•290 

5 

NE. 

6 

SE. 

12 

*479 

•380 

NE. 

H 

SW. 

9 

*443 

•348 

6 

SW. 

6 

SE. 

24 

•363 

•127 

SW. 

3 

s. 

19 

*379 

•194 

7 

s. 

10 

SE. 

24 

•049 

29-930 

s. 

9 

s. 

12 

-i  17 

30000 

8 

s. 

1 1 

SE. 

18 

29*954 

•918 

s. 

8 

SE. 

20 

•023 

•001 

9 

SE. 

12 

SE. 

8 

•966 

•998 

SE. 

8 

SE. 

12 

•054 

•039 

10 

SE. 

3 

SE. 

10 

30090 

30-059 

S. 

1 

s. 

9 

•no 

•090 
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Table  II. — Observations  of  currents  in  the  Gulf  of  Mexico, — 
Meteorological  data— Continued. 


! 

New  Orleans, 

La. 

Mobile,  Ala. 

Date. 

1891. 

Wind,  direction,  and  ve- 
locity (in  miles  per 
hour). 

Barometer  re- 
duced to  sea. 

Wind,  direction,  and 
velocity  (in  miles 
per  hour.). 

Barometer  re- 
duced to  sea. 

8 a. 

m. 

8 p. 

m. 

8 a.  m. 

8 p.  m. 

8 a.  m. 

Oh 

00 

m. 

8 a.  m. 

8 p.  m. 

Feb. 

1 

NW. 

9 

N. 

4 

30-060 

30-131 

S. 

10 

N. 

3 

30-038 

30-149 

2 

E. 

8 

S. 

9 

•iio 

•026 

N. 

4 

S. 

10 

•167 

•071 

3 

S. 

10 

NE. 

12 

29^80 

•126 

SW. 

n 

N. 

IS 

29.990 

•099 

4 

NE. 

20 

NE. 

10 

30-390 

•373 

N. 

20 

N. 

9 

3°'384 

•380 

5 

NE. 

3 

SE. 

8 

•317 

•182 

NE. 

6 

SE. 

14 

•385 

•239 

6 

SE. 

8 

S. 

10 

•018 

29*851 

N. 

4 

S. 

12 

•090 

29-862 

7 

SW. 

9 

s. 

10 

29*820 

•839 

W. 

8 

0 

29-832 

•860 

8 

s. 

6 

s. 

10 

•918 

•946 

s. 

6 

S. 

12 

•952 

•990 

9 

s. 

16 

s. 

15 

•95i 

‘994 

s. 

12 

S.  • 

12 

•992 

30-010 

10 

N. 

18 

NE. 

5 

30-207 

30-207 

N. 

20 

N. 

12 

30-187 

•194 

11 

NE. 

10 

E. 

9 

•189 

•116 

N. 

5 

N. 

3 

•213 

•134 

12 

SE. 

12 

S. 

12 

•052 

•010 

S. 

8 

S. 

6 

•089 

•050 

13 

E. 

6 

NE. 

9 

•056 

•131 

0 

N. 

4 

•075 

•131 

14 

NE. 

14 

NE. 

16 

•164 

•138 

N. 

12 

NE. 

11 

•216 

•186 

15 

SE. 

24 

SE. 

8 

•065 

-065 

SE. 

11 

SE. 

20 

•191 

•083 

16 

S. 

4 

’ SW. 

5 

•009 

29-975 

S. 

11 

S. 

10 

•044 

29-985 

17 

s. 

5 

SW. 

5 

•00 1 

•978 

NW. 

4 

s. 

9 

•040 

•982 

18 

s. 

6 

SE. 

8 

•087 

30-085 

S. 

6 

s. 

8 

•101 

30-116 

19 

SE. 

9 

SE. 

12 

•105 

•033 

SE. 

6 

SE. 

9 

•149 

•09  7 

20 

SE. 

H 

S. 

20 

29-939 

29-824 

SE. 

12 

S. 

IS 

•010 

29-867 

21 

N. 

1 

NE. 

22 

•824 

30-0^4 

SW. 

6 

N. 

16 

29:862 

29-981 

22 

NE. 

13 

E. 

4 

30-219 

*i«3 

N. 

8 

N. 

7 

30-210 

30-170 

23 

NE. 

8 

SE. 

15 

•131 

•069 

E. 

5 

SE. 

4 

•168 

•088 

24 

SE. 

10 

S. 

11 

•022 

29-898 

SE. 

6 

S. 

15 

•060 

29-915 

25 

SW. 

9 

s. 

9 

29-810 

•677 

S. 

5 

SW. 

12 

29-838 

•662 

26 

W. 

20 

NW. 

19 

•961 

30-285 

NW. 

12 

NW. 

12 

•853 

30-227 

27 

NE. 

12 

SE. 

8 

30-433 

•325 

NE. 

8 

s. 

7 

30-433 

•346 

28 

SE. 

12 

SW. 

1 1 

•286 

•215 

E. 

7 

s. 

12 

•355 

.214 

Mar. 

1 

NE. 

4 

SW. 

12 

•278 

•204 

N. 

8 

NE. 

2 

•289 

•211 

2 

S. 

5 

s. 

12 

•204 

•0  77 

S. 

4 

S. 

15 

•215 

•078 

3 

s. 

7 

s. 

10 

29-986 

29-969 

s. 

12 

s. 

6 

29-993 

29-965 

4 

NE. 

16 

NE. 

12 

30-097 

30- 103 

N. 

15 

NE. 

4 

3o-i35 

30-114 

5 

E. 

10 

s. 

19 

•024 

29-894 

E. 

6 

SE. 

7 

-085 

29-970 

6 

S. 

8 

SE. 

9 

29910 

•850 

S. 

10 

E. 

8 

29-925 

•921 

7 

SE. 

19 

s. 

22 

•770 

•673 

3- 

14 

S. 

15 

•864 

•758 

H.  Ex.  43,  pt.  2—23 
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Table  11. — Observations  of  currents  in  the  Gulf  of  Mexico. — 
Meteor o logical  data — Continued. 


Date. 

1891. 

New  Orleans,  La. 

Mobile,  Ala. 

Wind,  direction,  and  ve- 
locity (in  miles  per 
hour). 

Barometer  re- 
duced to  sea. 

Wind,  direction,  and 
velocity  (in  miles 
per  hour). 

Barometer  re- 
duced to  sea. 

8 a.  m. 

8 p. 

m. 

8 a.  m. 

8 p.  m. 

8 a.  m. 

8 p. 

m. 

8 a.  m. 

8 p.  m. 

Mar. 

8 

NW. 

16 

W. 

12 

29748 

29-929 

S. 

12 

N. 

9 

29-723 

29-826 

9 

NW. 

18 

N. 

12 

30*231 

30-301 

NW. 

12 

NW. 

11 

30I40 

30-284 

10 

NE. 

12 

E. 

5 

•384 

•252 

NE. 

12 

SE. 

5 

•412 

•270 

1 1 

NE. 

9 

NE. 

12 

•131 

29-961 

NE. 

.5 

NE. 

8 

•178 

29-961 

12 

N. 

4 

SE. 

4 

29-973 

•915 

N. 

7 

S. 

11 

29-976 

•900 

13 

NW. 

22 

N.  • 

12 

3o-i45 

30-242 

N. 

20 

N. 

8 

30-076 

30-189 

H 

N, 

12 

N. 

7 

•424 

•381 

-NW. 

6 

N. 

8 

•382 

•390 

15 

NE. 

8 

NE. 

12 

•420 

•291 

NE. 

11 

SW. 

4 

•425 

•332 

16 

NE. 

26 

NE. 

13 

115 

•109 

N. 

8 

N. 

11 

•258 

•100 

1 7 

.NE. 

2 

E. 

6 

•080 

29-931 

N. 

10 

SW. 

5 

•071 

29-942 

18 

0 

SE. 

7 

29-972 

•924 

NE. 

2 

s. 

6 

29-960 

•922 

19 

SW. 

5 

NW. 

7 

30-017 

30-004 

SW. 

8 

S.  ' 

8 

30-024 

"991 

20 

NE. 

8 

SE. 

8 

US 

29-998 

N. 

6 

s. 

8 

•102 

•992 

21 

W. 

5 

NW. 

i5 

29-971 

•892 

NW. 

6 

NW. 

5 

29-910 

•831 

22 

N. 

6 

N. 

2 

30-010 

•955 

NW. 

10 

0 

•9  73 

•904 

23 

NE. 

6 

NE. 

7 

29-935 

•907 

0 

SW. 

10 

'953 

•9H 

24 

SE. 

7 

E. 

8 

•959 

•913 

NE. 

3 

s. 

7 

•930 

•933 

25 

SE. 

6 

SE. 

8 

•932 

•852 

SE. 

5 

SE. 

20 

•968 

•937 

26 

W. 

10 

W. 

12 

•882 

•859 

SW. 

4 

SW. 

10 

•801 

•783 

27 

w. 

8 

W. 

8 

30-033 

•911 

NW. 

15 

NW. 

4 

•968 

•879 

28 

w. 

4 

S. 

12 

29-992 

* *936 

NE. 

6 

S. 

8 

•996 

•95i 

29 

s. 

4 

SE. 

10 

30-013 

•982 

E. 

2 

s. 

7 

*30-053 

30033 

3° 

s. 

17 

S. 

12 

29-943 

•826 

SE. 

8 

s. 

6 

- -012 

29-862 

3i 

NW. 

20 

E.  • 

2 

•940 

'93 1 

NW. 

10 

NW. 

5 

29-862 

-91 7 

Apr. 

1 

E. 

6 

N. 

7 

•93i 

•827 

NE. 

2 

SE. 

12 

•968 

"872 

2 

NW. 

11 

NW. 

20 

•957 

3°-°49 

NW. 

6 

NW. 

12 

•897 

30003 

3 

N. 

12 

«NW. 

1 1 

3°"i98 

•092 

NW. 

9 

NW. 

8 

30-124 

•042 

4 

NE. 

12 

N. 

8 

•278 

•244 

NW. 

12 

N. 

1 1 

•24O 

•243 

5 

NE. 

8 

NW. 

16 

•374 

•308 

NW. 

9 

N. 

9 

:355 

•285 

6 

SE. 

5 

S. 

12 

•407 

•240 

w. 

2 

s. 

8 

•390 

•237 

7 

SE. 

5 

s. 

14 

•196 

•088 

SW. 

4 

s. 

7 

•235 

•132 

8 

S. 

6 

s. 

10 

•134 

•126 

s. 

3 

s. 

9 

•170 

•166 

9 

SE. 

12 

SE. 

10 

•144 

•138 

SE. 

5 

s. 

8 

•212 

•196 

10 

SE. 

10 

SW. 

2 

•132 

•124 

SE. 

8 

s. 

8 

•177 

•140 
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Table  II. — Observations  of  currents  in  the  Gulf  of  Mexico- 
Meteorological  data — Continued. 


Date, 

1891. 

Pensacola,  Fla. 

Tampa,  Fla. 

Wind,  direction,  and  ve- 
locity (in  miles  per 
hour). 

Barometer  re- 
duced to  sea. 

Wind,  direction,  and 
velocity  (in  miles 
per  hour). 

Barometer  re- 
duced to  sea. 

8 a. 

m. 

8p. 

m. 

8 a.  m. 

8 p.  m. 

8 a.  m. 

8 p.  m. 

8 a.  m. 

8 p.  m. 

Feb. 

1 

SW. 

8 

N. 

9 

30-043 

30- 136 

SE. 

4 

W. 

6 

3°-!84 

30-I94 

2 

E. 

7 

S. 

10 

•147 

•077 

NE. 

1 

W. 

2 

•237 

•173 

3 

SW. 

6 

N. 

11 

•012 

•075 

SE. 

4 

SW. 

4 

•122 

•085 

4 

N. 

19 

NE. 

9 

•335 

•38i 

NW. 

1 1 

N. 

10 

•187 

•278 

5 

NE. 

16 

NE. 

9 

•368 

•233 

NE. 

10 

NE. 

4 

•327 

•242 

6 

E. 

8 

S. 

8 

•077 

29-888 

N. 

1 

W. 

1 

•159 

•023 

7 

SW. 

19 

SW. 

10 

29-839 

•866 

SE. 

1 

SW. 

3 

29-992 

•015 

8 

SW. 

5 

SE. 

9 

•965 

30-014 

SE. 

3 

0 

30-073 

•i  12 

9 

s. 

9 

s. 

9 

30-027 

•031 

SE. 

2 

SW. 

3 

•171 

•149 

10 

N. 

16 

N. 

14 

•132 

•190 

S. 

7 

SW. 

3 

•182 

•156 

11 

NE. 

14 

SE. 

8 

■198 

•148 

SW. 

2 

w. 

6 

•192 

•176 

12 

S. 

11 

SE. 

9 

•1 12 

•076 

SE. 

4 

w. 

1 

•210 

•150 

13 

NE. 

7 

NE. 

11 

•057 

•122 

E. 

3 

w. 

6 

•148 

135 

14 

NE. 

12 

E. 

15 

•197 

•204 

NE. 

4 

NE. 

12 

•219 

•209 

15 

E. 

21 

SE. 

16 

•193 

• *130 

E. 

10 

E. 

10 

•251 

•235 

16 

SE. 

7 

SW. 

14 

•066 

29-998 

SE. 

11 

SW. 

6 

•220 

•138 

17 

0 

SW. 

7 

•030 

'994 

S. 

6 

SW. 

2 

•155 

•122 

18 

SW. 

4 

SE. 

6 

•109 

30-138 

E. 

2 

W. 

6 

•192 

•180 

19 

SE. 

9 

SE. 

10 

•174 

•104 

SE. 

1 

E. 

4 

•249 

•166 

20 

SE. 

21 

S. 

H 

•036 

29-889 

E. 

4 

SW. 

5 

•158 

•041 

21 

N. 

9 

N. 

12 

29-847 

•938 

SE. 

11 

SW. 

1 

29-968 

29-963 

22 

N. 

16 

NE. 

12 

30-I95 

30-162 

NE. 

3 

NE. 

1 1 

30060 

30-125 

23 

E. 

16 

SE. 

7 

•186 

•112 

NE. 

6 

NE. 

8 

•134 

•100 

24 

SE. 

19 

SE. 

14 

•086 

29-936 

NE. 

8 

E. 

4 

•104 

30000 

25 

SW. 

9 

SW. 

i5 

29-827 

•681 

E. 

4 

SW. 

6 

29-952 

29-838 

26 

W. 

1 2 

NW. 

9 

•806 

30210 

SW. 

15 

NW. 

13 

•793 

30-045 

27 

NE. 

20 

SE. 

9 

30-526 

•342 

N. 

7 

NE. 

6 

30-373 

•362 

28 

SE. 

17 

SW. 

11 

•362 

•250 

N. 

6 

NW. 

4 

•424 

•325 

Mar. 

1 

N. 

6 

SW. 

14 

•272 

•230 

N. 

4 

NW. 

4 

•328 

-264 

2 

E. 

3 

SW. 

12 

•222 

•101 

NE. 

1 

NW. 

5 

•271 

■193 

3 

S. 

10 

SW. 

10 

•019 

29-973 

E. 

1 

SW. 

. 4 

•169 

•i  18 

4 

N. 

19 

NE. 

9 

•069 

30-105 

S. 

4 

NW. 

L 

•098 

•105 

5 

E. 

18 

SE. 

6 

•085 

29-988 

E. 

4 

W. 

3 

•152 

•091 

6 

S. 

10 

SE. 

12 

29-947 

•930 

SE. 

1 

W. 

1 

•070 

•005 

7 

SE. 

17 

SE. 

16 

r853 

•784 

SE. 

4 

SW. 

5 

•013 

29-946 

356 


U.  S.  COAST  AND  GEODETIC  SURVEY 


Table  II.— Observations  of  currents  in  the  Gulf  of  Mexico . — 
Meteorological  data— Continued. 


Pensacola,  Fla. 

Tampa,  Fla. 

Date. 

1891. 

Wind,  direction,  and  ve- 
locity (in  miles  per 
hour). 

Barometer  re- 
duced to  sea. 

Wind,  direction,  and 
velocity  (in  miles 
per  hour). 

Barometer  re- 
duced to  sea. 

8 a.  m. 

00 

m. 

8 a.  m. 

8 p.  m. 

8 a.  m. 

8P. 

m. 

8 a.  m. 

8 p.  m. 

Mar. 

8 

S. 

18 

N. 

16 

29752 

29-832 

SE. 

10 

S. 

7 

29-970 

29-943 

9 

NW. 

16 

NW. 

9 

3°-ii4 

30-271 

S. 

8 

NW. 

7 

•998 

30-131 

10 

NE. 

17 

NE. 

7 

•388 

•268 

N. 

1 1 

NE. 

12 

30-297 

•231 

1 1 

NE. 

10 

NE. 

9 

•178 

29-951 

NE. 

10 

SE. 

1 1 

•198 

•052 

12 

NE. 

6 

SE. 

5 

29-969 

•900 

SE. 

11 

SE. 

3 

•013 

30-000 

13 

NW. 

24 

NW. 

9 

•998 

30-I75 

S. 

9 

NW. 

9 

29-963 

•012 

14 

N. 

6 

N. 

9 

30-368 

•372 

N. 

6 

NW. 

6 

30-277 

•292 

15 

NE. 

1 7 

N. 

2 

•40S 

•313 

NE. 

1 1 

E. 

9 

•365 

•273 

16 

NE. 

16 

N. 

16 

•219 

•084 

NE. 

12 

E. 

8 

•181 

29-939 

17 

NE. 

9 

SW. 

4 

•033 

29-947 

NE. 

6 

N. 

6 

29-904 

•890 

18 

E. 

6 

SW. 

6 

29-956 

•930 

NW. 

6 

W. 

5 

•945 

•979 

19 

W. 

5 

SW. 

9 

30-022 

30-009 

E. 

4 

W. 

2 

30-072 

30-060 

20 

NE. 

7 

SW. 

7 

•090 

29-994 

N. 

2 

SW. 

4 

•102 

•155 

21 

SW. 

2 

NW. 

12 

29-890 

•801 

S. 

4 

w. 

11 

29-984 

29-821 

22 

NW. 

10 

NW. 

7 

•946 

•9O0 

NW. 

4 

w. 

5 

•910 

•851 

23 

NE. 

6 

SW. 

7 

•928 

•887 

W. 

3 

w. 

3 

•900 

•874 

24 

NE. 

8 

SE. 

5 

•919 

•932 

NW. 

4 

w. 

4 

•964 

•955 

25 

SE. 

14 

NE. 

12 

•987 

•951 

NE. 

4 

w. 

3 

30-056 

30030 

26 

SW. 

15 

SW. 

17 

'814 

•775 

SE. 

10 

SE. 

9 

•028 

29-902 

27 

NW. 

17 

w. 

6 

4 

•948 

•880 

W. 

10 

w. 

8 

29-912 

•908 

28 

N. 

9 

w. 

5 

•990 

*955 

NW. 

4 

w. 

5 

•957 

•989 

29 

E. 

7 

SE. 

3 

30051 

30-036 

NW. 

4 

NW. 

4 

30-088 

30-047 

30 

SE. 

17 

SE. 

23 

•006 

29-891 

NE. 

6 

NE. 

1 

•126 

'043 

3i 

SW. 

20 

0 

0 

29-866 

'905 

SE. 

12 

SW. 

10 

•020 

•013 

Apr. 

E. 

7 

E. 

•962 

•885 

S. 

4 

SW. 

4 

•033 

•007 

2 

NW. 

10 

NW. 

20 

•886 

•963 

SW. 

8 

w. 

6 

29-970 

29-910 

3 

NW. 

4 

NW. 

6 

30-118 

30-021 

NW. 

11 

NW. 

6 

30-000 

3001 8 

4 

NE. 

13 

NW. 

9 

•210 

•218 

N. 

10 

NW. 

3 

•103 

•160 

5 

N. 

12 

N. 

9 

•328 

•281 

N. 

8 

W. 

5 

•252 

•176 

6 

0 

W. 

12 

•389 

•247 

NE. 

1 1 

NW. 

6 

•383 

•313 

7 

N. 

5 

SW. 

5 

•236 

•141 

SW. 

1 

W. 

4 

•327 

•241 

8 

SW. 

2 

SE. 

9 

•173 

•181 

NE. 

5 

N. 

6 

•283 

•219 

9 

SE. 

10 

SE. 

11 

•218- 

•208 

E. 

3 

E. 

8 

•291 

•243 

10 

SE. 

12 

E. 

21 

•194 

•193 

E. 

6 

W. 

6 

•289 

•229 
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Table  II. — Observations  of  currents  in  the  Gulf  of  Mexico. — 
Meteorological  data— Continued. 


Key  West 

, Fla. 

Key  West 

, Fla. 

Date. 

Wind 

, direction, 

and 

Barometer  re- 

Date. 

Wind 

, direction, 

and 

Barometer  re- 

1891. 

velocity  (in  m 
per  hour). 

iles 

duced 

to  sea. 

1891. 

velocity 

perhour 

(in  nines 

duced 

to  sea. 

8 a. 

m. 

8p. 

m. 

8 a.m. 

8 p.  m. 

8 h. 

m. 

8P. 

m. 

8 a.  m. 

8 p.  m. 

Feb. 

Mar. 

1 

SE. 

6 

E. 

8 

30-167 

30-168 

8 

SE. 

9 

■SE. 

6 

29-980 

29-988 

2 

E. 

8 

SE. 

8 

•194 

■140 

9 

SE. 

8 

SE. 

12 

30-055 

30-123 

3 

SE. 

7 

SE. 

5 

•105 

•088 

10 

NE. 

13 

E. 

10 

•200 

•136 

4 

NE. 

6 

NE. 

H 

•126 

•174 

11 

SE. 

12 

SE. 

10 

•149 

•053 

5 

NF,. 

24 

E. 

14 

•228 

•156 

12 

SE. 

12 

SE. 

4 

•058 

•016 

6 

NE. 

9 

NE. 

6 

•116 

•007 

13 

S. 

6 

NW. 

12 

•024 

•005 

7 

SE. 

6 

SE. 

3 

29-983 

29-999 

14 

N. 

28 

NE. 

16 

•148 

•185 

8 

SE. 

8 

E. 

9 

30-064 

30-089 

15 

NE. 

18 

E. 

12 

•259 

•21 1 

9 

SE. 

12 

E. 

12 

•141 

138 

16 

E. 

14 

SE. 

6 

•142 

•005 

10 

SE. 

4 

SE. 

5 

•192 

•134 

17 

SW. 

15 

NW. 

12 

29-927 

29-919 

1 1 

E. 

9 

E. 

12 

•179 

•150 

18 

NW. 

5 

NW. 

12 

•974 

•986 

12 

E. 

12 

SE. 

16 

•176 

•123 

19 

SE. 

8 

SE. 

2 

30-068 

30-068 

13 

SE. 

8 

E. 

8 

•125 

•116 

20 

SE. 

3. 

SE. 

2 

•107 

•070 

14 

E. 

5 

E. 

13 

•156 

•139 

21 

SW. 

4 

W. 

22 

•048 

29-954 

15 

E. 

24 

E. 

24 

•191 

•178 

22 

NW. 

22 

NW. 

14 

29-962 

•901 

16 

SE. 

16 

E. 

12 

•179 

•128 

23 

NW. 

18 

NW. 

12 

•924 

•882 

17 

SE. 

8 

E. 

9 

•156 

•120 

24 

NE. 

9 

NE. 

2 

•933 

•95 1 

18 

SE. 

12 

E. 

19 

•146 

•132- 

25 

NE. 

12 

E. 

12 

30-013 

30-001 

19 

E. 

12 

E. 

19 

•204 

•119 

26 

SE. 

12 

SE. 

12 

29-997 

29-953 

20 

E. 

10 

SE. 

12 

115 

•036 

27 

S. 

2 

NW. 

14 

•946 

•908 

21 

SE. 

’ 9 

SE. 

5 

•021 

29-983 

28 

NW. 

13 

NW. 

13 

•975 

•981 

22 

N. 

20 

NE. 

8 

•120 

30-071 

29 

NE. 

14 

0 

30.077 
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At  Station  B5,  near  Memory  Bock,  occupied  January  10 — change  of 
last  quarter  to  new  moon,  25°  south  declination — was  found  a current 
of  from  0*7  to  1-0  knot  per  hour,  setting  north,  the  wind  in  the  interval 
blowing  from  the  southeast  with  a velocity  varying  from  4 to  12  miles 
per  hour. 

At  Station  B1,  off  Jupiter  Inlet,  Fla.,  occupied  January  18  and  19 — 
moon  in  first  quarter,  15°  north  declination — was  found  a current  of 
from  2-9  to  3*9  knots  per  hour,  setting  north,  the  wind  in  the  interval 
blowing  from  directions  between  west-southwest  and  northwest  with  a 
velocity  varying  from  10  to  18  miles  per  hour. 

At  Station  Bla,  off  Jupiter  Inlet,  Fla.,  occupied  January  20  and  21 — 
moon  in  first  quarter,  23°  north  declination — was  found  a current  of 
from  2-0  to  3*0  knots  per  hour,  setting  north,  the  wind  in  the  interval 
blowing  from  directions  between  east  and  southeast  with  a velocity 
varying  between  4 and  12  miles  per  hour. 

The  current  at  these  three  stations  is  in  keeping  in  velocity  with 
that  found  by  Lieut.  J.  E.  Pillsbury,  U.  S.  X.,  when  in  command  of  the 
Blake , on  the  cross-section  between  Fowey  Bocks  and  Gun  Cay,  75 
ruiles  further  south.  The  sets  of  observations  are  too  short  to  deter- 
mine any  diurnal  or  semi-diurnal  variation  in  the  flow  or  any  influence 
due  to  the  moon’s  declination. 

In  the  first  series  of  current  stations  in  the  Gulf  are  X2,  X3,  X4,  Y6, 
and  Y3,  occupied  in  order  named,  for  an  interval  of  about  26  hours 
each  between  February  4 and  12.  The  phases  of  the  moon  during  this 
time  were,  on  the  4th  in  last  quarter  traveling  south,  reaching  its  maxi- 
mum declination  at  noon  on  the  6th,  changing  to  new  moon  the  morning 
of  the  9th,  and  reaching  a north  declination  of  2°  by  the  afternoon  of 
the  12th. 

At  Station  X2  was  found  a current  of  from  0-5  to  1*3  knots  per  hour, 
setting  in  all  directions  between  northeast  (via  east)  and  west,  the 
wind  in  the  interval  blowing  from  directions  between  northeast  by 
north  and  east  with  a velocity  of  15  to  20  miles  per  hour. 

At  Station  X3  was  found  a current  of  from  0*5  to  1-3  knots  per  hour, 
setting  northwest  by  north,  the  wind  in  the  interval  blowing  from 
directions  between  southeast  and  south  with  a velocity  of  10  to  15 
miles  per  hour. 

At  Station  X4  was  found  a current  of  from  1-5  to  2-3  knots  per  hour, 
setting  northwest  by  north,  the  wind  in  the  interval  blowing  from 
directions  between  southeast  and  southeast  by  south,  with  a velocity 
of  10  to  20  miles  per  hour. 

At  Station  Y6  was  found  a current  of  from  0*8  to  1*3  knots  per  hour, 
setting  north  by  west,  the  wind  in  the  interval  blowing  first  from 
southeast  by  east  with  a velocity  of  15  to  18  miles  per  hour,  gradually 
veering  to  west,  where  it  died  out,  finally  appearing  in  same  quarter 
and  backing  to  east-southeast,  reaching  a velocity  of  10  to  12  miles  per 
hour. 
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At  Station  Y3  was  found  a current  of  from  2-7  to  3*9  knots  per  hour, 
setting  southeast  by  east,  the  wind  in  the  interval  blowing  from  di- 
rections between  east  by  south  and  southeast  with  a velocity  of  5 to  15 
miles  per  hour. 

An  examination  of  the  weather  data  in  Table  II  shows  that  while 
observations  on  X2  were  in  progress  on  the  4th,  5th,  and  6th  of  Feb- 
ruary the  velocity  and  direction  of  the  wind  at  Key  West  was  the 
same  as  found  at  the  current  station.  A “ norther  ” of  considerable 
force  made  its  appearance  in  the  northwest  quarter  of  the  Gulf  on  the 
afternoon  of  the  3d,  seen  in  the  northeast  quarter  on  the  morning  of 
the  4th,  which  lasted  about  thirty-six  hours,  the  barometer  in  the  mean- 
time indicating  a sharp  rise  at  all  points  excepting  Tampa,  Key  West, 
and  the  current  station.  The  resultant  of  these  forces  would  take 
about  the  direction  shown  by  the  current  at  X2,  and  its  baffling  tend- 
ency is  probably  due  to  whichever  force  was  temporarily  the  stronger. 
While  observations  on  X3  were  in  progress  on  the  6th  and  7th,  the 
wind  along  the  northern  borders  of  the  Gulf  was  in  the  quadrant  be- 
tween southeast  and  southwest,  there  having  been  a gradual  veering 
from  the  north  on  the  3d  and  4th  to  this  position.  The  wind  at  the 
current  station  was  in  the  same  quarter,  showing  the  movement  to 
have  been  common  over  the  Gulf  area.  The  barometric  gradient  in 
the  meantime  had  been  changing  with  the  wind  till  its  trend  on  the 
evening  of  the  7th  was  about  northwest.  The  current  at  X3  was  about 
in  the  direction  of  the  resultant  of  these  forces  toward  an  area  that  by 
the  conditions  just  previous  had  been  made  a low  water  surface.  X4 
was  occupied  on  the  8th  and  9th,  the  wind  of  considerable  force  was  in 
the  southeast,  where  it  had  been  while  the  previous  station  was  being 
occupied.  The  same  is  true  of  the  wind  along  the  northern  borders  of 
the  Gulf,  excepting  in  Texas,  where  a “ norther”  appeared  on  the  9th, 
but  too  late  to  have  any  influence  at  this  station.  The  trend  of  the 
barometric  gradient  had  remained  practically  unchanged,  and  the 
current  here,  as  at  X3,  was  moving  about  in  the  direction  of  the  result- 
ant of  it  and  the  wind.  At  Y6,  occupied  between  the  morning  of  the 
10th  and  the  11th,  the  wind  was  practically  in  the  quarter  it  had  been, 
but  shows  by  its  having  veered  to  the  west  and  died  out  for  a short 
interval  that  there  had  been  a change  in  the  atmospheric  circulation 
over  the  Gulf,  caused  probably  by  the  “ norther”  that  appeared  in 
Texas  on  the  9th,  and  spread  over  the  Gulf  on  the  10th,  becoming 
variable  winds  and  of  but  little  consequence  by  the  11th.  The  baro- 
metric gradient,  gentle  in  slope,  had  gradually  revolved  via  south 
from  its  previous  northwest  trend  to  an  east  one.  The  current  was 
moving  under  the  same  forces  as  maintained  X3  and  X4,  only  in  a 
little  different  direction,  due  probably  to  tlie  earlier  disturbances  in 
the  northwest  quarter  of  the  Gulf,  or  it  may  be  that  the  accumulation 
of  head  in  that  locality  was  greater  than  further  to  the  eastward,  and 
it  was  taking  the  direction  of  least  resistance. 
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Y3  was  occupied  between  the  evenings  of  the  11th  and  the  12th,  the 
current,  a strong  one,  was  setting  directly  into  the  wind  that  was 
about  the  same  in  velocity  and  direction  as  that  at  Key  West,  and 
almost  opposite  to  that  prevailing  along  the  Texas  coast.  The  baro- 
metric gradient,  a gentle  one,  had  revolved  from  its  eastward  trend  of 
the  10th  to  southwest  by  the  morning  and  west  by  the  evening  of  the 
11th,  where  it  remained  till  the  close  of  observations  on  the  station.  If 
we  grant  that  it  takes  some  little  time  for  the  inertia  of  such  a moving 
mass  of  water  to  be  overcome,  this  current  can  be  accounted  for  by 
the  “norther”  of  the  9th  and  10th  and  the  accumulated  head  in  the 
northwest  quarter,  the  two  forming  a force  sufficient  to  maintain  for  a 
time  this  stream  against  the  opposing  forces  existing  at  the  actual 
time  of  observation.  It  is  unfortunate  that  the  vessel  did  not  remain 
at  this  station  longer  in  order  to  find  out  if  the  current  did  not  soon 
slacken  and  perhaps  entirely  shift  in  direction. 

The  next  series  of  observations  was  made  on  current  stations  Y5,  Y4, 
and  Y3a,  between  February  23  and  25.  These  stations,  as  a glance  at 
illustration  No.  14  will  show,  are  on  a line  joining  Y6  and  Y3,  which 
belong  to  the  series  just  preeediug.  The  moon  was  changing  from  full 
moon  (February  23)  towards  last  quarter  with  a declination  north  of 
from  15o  to  3o. 

At  Y5  was  found  a current  of  from  0*3  to  0*8  knots  per  hour,  setting 
southwest  by  south,  the  wind  in  the  interval  blowing  from  directions 
between  east-northeast  and  east  with  a velocity  of  5 to  10  miles  per 
hour. 

At  Y4  was  found  a current  of  from  IT  to  1-4  knots  per  hour,  setting 
south  by  east,  the  wind  in  the  interval  blowing  from  directions  between 
east  and  east-southeast  with  a velocity  of  5 to  15  miles  per  hour. 

At  Y3a  was  found  a current  of  from  2-0  to  2*4  knots  per  hour,  setting 
southeast,  the  wind  in  the  interval  blowing  for  a short  time  from  south- 
southeast  with  a velocity  of  10  to  15  miles  per  hour,  when  it  veered  to 
the  southwest  without  change  in  strength. 

An  examination  of  the  meteorological  data  in  Table  II  shows  that 
while  observations  on  Y5  were  in  progress  the  wind  and  its  direction 
at  Tampa  was  the  same  as  that  at  the  current  station,  not  strong  at 
either  place;  nor  was  the  current,  which  seems  to  have  been  moving  in 
the  direction  of  the  resultant  between  the  wind  and  the  barometric 
gradient.  The  time  curve  of  velocity  of  this  station  shows  a gradual 
decrease  in  strength  from  beginning  to  end  of  observations,  and  had 
the  vessel  remained  a few  hours  longer  a change  in  direction  to  that 
seen  at  Y4  might  have  occurred;  for,  closing  observations  on  Y5  at  4 
a.  m.  of  the  24th,  the  vessel  went  immediately  to  Y4,  beginning  observa- 
tions there  by  8 a.  m.,  an  interval  of  only  four  hours.  At  Y4  the  cur- 
rent was  running  almost  directly  into  the  wind  and  about  parallel  to 
the  isobars.  At  Y3a  the  current  was  running  nearly  against  the  wind 
for  a time,  or  until  it  veered  to  the  southwest,  and  directly  up  the  bar- 
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©metric  gradient.  By  going  back  and  examining  the  weather  data,  it 
will  be  seen  that  the  wind  and  barometric  gradients  were  such  as  to 
crowd  the  water  into  the  northern  area  of  the  Gulf  from  the  16tli  to  the 
18th,  and  into  the  northwest  quarter  from  the  18th  to  the  20th,  followed 
by  a period  between  the  20th  and  22d  when  the  wind  and  barometric 
gradients  were  light,  but  in  favor  of  a northwest  movement  from  Key 
West  to  Tampa  and  a southerly  movement  from  Pensacola  to  Browns- 
ville. The  current  at  Y5  was  the  last  of  the  movement  of  the  forces 
crowding  the  water  into  the  northwest  quadrant  where  a sufficient  head 
had  accumulated  to  maintain  even  against  forces  of  considerable  resist- 
ance the  current  at  Y4  in  the  direction  it  was  taking,  until  equilibrium 
along  the  Florida  coast  was  established,  when  the  direction  was  changed 
to  that  seen  at  Y3a. 

The  next  series  consists  of  observations  on  one  station  only,  Y2,  occu- 
pied March  11  and  12,  a storm  j>re venting  further  work.  At  Y2  was 
found  a current  of  from  0-4  to  1*0  knot  per  hour  setting  toward  points 
between  south-southeast  and  south- southwest,  the  wind  in  the  interval 
blowing  from  directions  between  southeast  and  south  by  west,  with  a 
velocity  of  5 to  15  miles  per  hour.  It  was  new  moon,  zero  declination, 
the  same  phase  as  when  Y3  was  occupied  and  such  a strong  current 
found.  An  examination  of  the  weather  data  in  Table  II  shows  this 
direction  of  the  current  to  be  in  keeping  with  that  of  the  resultant  of 
the  wind  as  observed  at  the  land  stations  and  the  barometric  gradient, 
although  in  opposition  to  the  wind  at  the  station  itself. 

The  next  series  of  stations,  Z1,  Z2,  Z3,  and  Y,  were  occupied  between 
March  19  and  23;  the  moon  during  the  interval  was  in  first  quarter 
and  in  from  25°  to  12°  north  declination. 

At  Z 1 was  found  a current  of  from  0*6  to  IT  knots  per  hour  setting 
north -northwest,  the  wind  in  the  interval  amounting  to  nothing  and 
the  sea  smooth. 

At  Z2  was  found  a current  of  from  0-7  to  as  swift  as  3*0  knots  per 
hour,  setting  northwest,  the  wind  in  the  interval  increasing  in  velocity 
from  about  2 to  10  miles  per  hour,  and  veering  from  north  by  west  to 
southwest  by  south. 

At  Z3  was  found  a current  of  from  0-5  to  1*9  knots  per  hour,  setting 
towards  points  between  northeast  and  east-southeast,  the  wind  in  the 
interval,  with  a velocity  of  10  to  18  miles  per  hour,  blowing  first  from 
the  west,  then  veering  to  north-northeast. 

At  Y was  found  a current  of  from  IT  to  2*7  knots  per  hour,  setting 
east-northeast,  the  wind  in  the  interval  blowing  from  directions  be- 
tween north-northwest  and  north  by  east  with  a velocity  of  2 to  8 miles 
per  hour. 

An  examination  of  the  weather  data  in  Table  II  shows  the  Gulf  to 
have  been  in  a state  of  quiet  from  the  17th  to  the  19th,  when  a u norther  v 
of  considerable  force,  but  of  short  duration,  made  its  appearance  in  the 
vicinity  of  Corpus  Ohristi.  From  the  20th  to  23d,  inclusive,  the  winds 
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appear  to  have  been  local,  variable  in  direction,  and  only  at  one  or  two 
points  showing  any  marked  velocity.  There  was  no  general  movement 
6r  circulation  common  to  the  Gulf  area.  There  is  a little  indication 
that  at  Z3  and  V the  current  might  have  been  taking  the  direction  it 
did  under  the  influence  of  a wind  and  barometric  gradient  that  existed 
just  previous  to  occupying  these  stations,  as  shown  by  the  conditions 
at  Z2  and  the  first  part  of  Z3.  It  would  seem,  therefore,  that  Z1  and  Z2 
were  observed  under  nearly  normal  conditions,  and  that  the  drift  and 
set  at  these  stations  is  what  may  be  expected  under  similar  phases  of 
the  moon.  An  examination  of  the  time  curve  of  velocity  of  Z2  shows  a 
well-defined  maximum  in  velocity  occurring  about  three  hours  previous 
to  the  moon’s  transit. 

The  next  and  last  series  of  stations — Z3a,  Va,  Y3b,  N1,  N2a,  N3,  and 
N4 — were  occupied  between  March  31  and  April  9.  The  moon  during 
the  interval  was  full,  in  last  quarter,  and  reached  new  moon;  in  dec- 
lination, from  maximum  or  25°  south  to  13°  north. 

At  Z3a,  within  8 nautical  miles  of  Station  Z3,  was  found  a current  of 
from  0-4  to  1*0  knot  per  hour,  setting  east-northeast,  the  wind  in  the 
interval  blowing  first  with  a velocity  of  about  3 to  5 miles  per  hour 
from  the  south,  veered  to  the  southwest,  and  died  out;  later,  appearing 
in  the  south- southeast  and  reaching  about  the  same  velocity. 

At  Ya  was  found  a current  of  from  0-7  to  2*2.  knots  per  hour  setting 
northeast,  the  wind  in  the  interval  blowing  from  directions  between 
south- southeast  and  south- southwest  with  a velocity  of  10  to  15  miles 
per  hour. 

At  Y3b  was  found  a current  of  from  0*3  to  0-6  knot  per  hour  setting 
towards  points  between  northeast  (in  azimuth  via  east)  and  west  by 
south,  the  wind  in  the  interval  blowing  from  northwest  by  north 
with  a velocity  of  4 to  12  miles  per  hour. 

At  N1  was  found  a current  of  from  0*9  to  1*7  knots  per  hour  setting 
southwest,  the  wind  in  the  interval  blowing  from  directions  between 
north  by  west  and  north-northeast  with  a velocity  of  10  to  15  miles 
per  hour. 

At  N2a  was  found  a current  of  from  0-9  to  2-5  knots  per  hour  setting 
southwest  by  south,  the  wind  in  the  interval  blowing  from  directions 
between  northeast  and  east  by  south  with  a velocity  of  5 to  10  miles 
per  hour. 

At  N3  was  found  a current  of  from  2-0  to  3*4  knots  per  hour  setting 
northeast  by  east,  the  wind  in  the  interval  blowing  from  directions 
between  southeast  by  east  and  south-southeast  with  a velocity  of  5 to 
10  miles  per  hour. 

At  N4  was  found  a current  of  from  1*2  to  2T  knots  per  hour  setting 
northeast,  the  wind  in  the  interval  blowing  from  directions  between 
east  and  east-southeast  with  a velocity  of  10  to  18  miles  per  hour. 

The  weather  map  for  the  morning  of  March  28  shows  an  area  of 
high  barometer  central  over  the  Mississippi  delta.  Twenty-four  hours 
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later  it  had  reached  a position  central  over  Florida,  and  the  resultant 
of  wind  and  barometric  gradient  was  toward  the  northwest  quarter  of 
the  Gulf.  These  forces' continued  till  sometime  between  the  eveniug  of 
the  30th  and  the  morning  of  the  31st,  when  the  wind  shifted,  showing 
various  directions,  and  the  barometric  gradient  changed  to  a trend 
about  northeast.  From  these  facts  it  seems  quite  reasonable  to  suppose 
that  there  was  an  accumulation  of  water  in  the  northwest  quarter  of 
the  Gulf,  forming  a head  that  with  this  new  position  of  the  barometric 
gradient  was  the  cause  for  the  current  at  Z3a  and  Va. 

Between  the  morning  of  the  1st  and  the  morning  of  the  2d  of  April, 
an  area  of  low  barometer,  extending  about  north  and  south,  passed 
northeasterly  across  the  Gulf,  followed  by  a steep  barometric  gradient 
trending  to  the  northeast.  The  resultant  of  this  gradient  and  the 
wind  was  a force  to  add  to  the  accumulation  of  water  on  the  Florida 
coast,  placed  there  through  the  movement  at  Z3a  and  Va,  and  hold  in 
check  the  current  at  Y3b,  which  was  by  this  time  being  backed  by 
gravity.  A further  examination  shows  a shift  of  wind  and  barometric 
gradient  to  such  a quarter  as  to  let  out  this  last  accumulation,  and 
undoubtedly  it  was  the  cause  for  the  current  at  N1  and  N2a.  On  April 
5 there  was  an  area  of  high  barometer  central  on  the  western  borders 
of  the  Gulf,  which  by  the  6th  was  oft*  the  Mississippi  delta,  and  by  the 
7th  over  southern  Florida.  There  was  little  or  no  wind  with  this  high 
and  it  does  not  seem  possible  that  it  was  sufficient  to  cause  a low  in  the 
water  surface  along  the  Florida  coast  that  would  engender  the  current 
seen  at  N3  and  W on  the  7th,  8th,  and  9th,  and  it  may  be  that  this 
movement  was  one  caused  by  forces  in  the  southwest  quarter  of  the 
Gulf  which  we  know  not  of. 

At  times  in  the  foregoing  discussion  it  has  occurred  to  me  that 
possibly  we  were  “reckoning  without  our  host,”  for  our  meteorological 
data  are  confined  to  the  coast  of  the  United  States,  leaving  about  one 
half  of  the  periphery  of  the  Gulf  from  which  we  have  no  information. 
We  have  no  tidal  observations  from  any  quarter  which  would  be  of 
great  value  in  confirming  the  heaping  up  or  driving  out  of  the  water 
at  any  particular  point  or  time,  according  as  the  resultant  of  wind  and 
barometric  gradient  was  on  or  off  shore.  But  certainly  there  can  be 
no  question  that  the  observations  we  have  go  to  prove  that  the 
atmospheric  pressure  and  winds  can  be  such  as  to  set  at  naught  the 
normal  circulation  of  the  Gulf  and  create  and  maintain  currents  of 
surprising  velocity  for  a considerable  period  of  time. 

Before  closing  I wish  to  call  attention  to  those  Physical  Maps  of  the 
Gulf  of  Mexico  and  adjacent  waters  on  which  will  be  seen  sweeping 
lines  representing  the  current  issuing  from  the  Caribbean  Sea,  follow- 
ing close  around  the  Peninsula  of  Yucatan,  the  remaining  coast  of 
Mexico  and  the  coast  of  the  Gulf  States  and  out  the  Straits  of  Florida. 
The  first  and  the  last  of  this  movement,  viz,  the  current  through' the 
Yucatan  Olianiiel  and  out  the  Straits  of  Florida  are  well  established 
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facts.  But  the  remainder  is  decidedly  questionable.  In  fact,  as  has 
been  shown,  the  evidence  gathered  from  our  observations  is  that  under 
normal  conditions — and  by  normal  conditions  is  meant  the  surface  of 
the  Gulf  free  from  stress  of  either  wind  or  barometric  gradient — there 
is  a current  running  northward  along  the  Florida  Banks,  sweeping  west- 
ward past  the  Mississippi  delta  and  along  the  Texas  coast.  As  additional 
evidence  of  this  current  it  is  said  that  as  a rule  steamers  entering  by 
the  Straits  of  Florida  or  leaving  Havana  bound  for  Pensacola,  Mobile, 
or  New  Orleans,  make  landfall  to  the  westward  of  their  course.  The 
Blake  experienced  this  on  two  occasions  when  running'  from  her 
working  ground  to  Mobile  and  Pensacola  respectively  for  coal.  Each 
time  on  making  land  we  were  some  few  miles  to  the  westward  of  the 
entrance  to  these  harbors  although  some  allowance  for  such  a current 
had  been  made  in  the  course. 

From  our  present  knowledge  we  cannot  say  what  path  the  current 
from  the  Caribbean  Sea  takes  before  passing  out  of  the  Straits  of 
Florida  and  becoming  the  Gulf  Stream.  Whether  when  uninfluenced 
by  atmospheric  conditions  it  follows  one  regular  path  that  traverses 
the  Gulf  or  different  paths  at  different  phases  of  the  moon,  or  still 
further  whether  at  certain  phases  it  has  a course  parallel  with  the 
northern  shore  of  Cuba  and  at  others  one  traversing  the  Gulf  of 
Mexico,  is  an  open  question.  It  seems  possible  however,  that  the 
atmospheric  conditions  over  the  Gulf  of  Mexico  could  be  such  as  to 
force  this  stream  along  the  coast  of  Cuba  and  out  the  Straits  of  Florida 
without  its  entering  the  Gulf  at  all.  And  vice  versa  that  the  atmos- 
pheric conditions  over  the  Gulf  could  be  such  as  to  make  it  a reservoir 
for  this  stream,  materially  diminishing  for  a time  the  flow  in  the 
Straits  of  Florida. 

In  conclusion  I wish  to  express  my  acknowledgment  of  the  kindness 
of  Lieut.  C.  E.  Yreeland,  U.  S.  Navy,  assistant  Coast  and  Geodetic 
Survey,  commanding  the  Blake , in  rendering  me  every  assistance 
possible  toward  making  the  trial  of  the  meter  a success,  and  to  her 
officers,  Lieut.  Harry  Kimmell,  U.  S.  Navy;  Ensigns  R.  P.  Schwerin, 
W.  C.  P.  Muir,  Jos.  H.  Rohrbaclier,  Benjamin  Wright,  and  Philip 
Andrews,  IJ.  S.  Navy;  Assistant  Engineer  W.  W.  White,  TJ.  S.  Navy; 
Assistant  Surgeon  E.  S.  Bogert,  U.  S.  Navy;  and  Mr.  W.  S.  Crosby, 
for  kind  assistance  in  carefully  taking  the  observations. 


or  Lower  Transit,. 


Coast  aruL  Geodetic  Survey  Report-  16S1-  Part  II 


No.  15 

to  (J» 


Local  Mean  Time 


' 


Coast  and  Geodetic  Survey  Reports  1891  PartJI  No. 16 

O H N> 


Coast,  and  Geodetic  Survey  Report-1891-  Part  n No.  17 


Feb.  23A24,  1891. 


Coast  and  Geodetic  Survey  Report-1891- Part n 

© (-1  to 


£ 

© 

o 

3, 

it 


No.Lft 


U.S.  Coast  and  Geodetic  Survey 


Coast  and  Geodetic  Survey  Report -1891 -Part  O No.  19 

O o to  w 


I 


Coast  and.  Geodetic  Sui'vev  Report-J 891  - Part  IT  No. 20 

1 ' © »-  to  w © *->  to  w 


APPENDIX  No.  11—1891 


DESCRIPTIVE  CATALOGUE  OF  PUBLICATIONS  RELATING  TO  THE  U.  S. 
COAST  AND  GEODETIC  SURVEY,  1807-1890,  AND  TO  U.  S.  STANDARD 
WEIGHTS  AND  MEASURES,  1790-1890. 


Compiled  by  Edward  Goodfellow,  C.  H.  Sinclair,  and  J.  B.  Baylor,  Assistants. 


CLASSIFICATION. 

I. — Annual  Reports  and  other  documents  of  the  U.  S.  Coast  and  Geodetic  Survey, 
and  U.  S.  Standard  Weights  and  Measures,  1807  tol890.  Also,  Reports  and 
other  documents  relating  to  U.  S.  Standard  Weights  and  Measures, 
1790-1890. 

II. — A Subject-index  to  the  professional  papers  contained  in  the  Annual  Reports,  in 
the  Bulletins,  and  in  the  occasional  publications  of  the  Survey  from  1845 
'to  1890,  inclusive. 

III.  — Bibliography  (a) ; statistics  (&) ; official  reports  of  expenditures  and  of  per- 

sons employed  (c) ; tabular  statements  of  information  furnished  ( d ) ; An- 
nual Reports  of  office  operations  (e);  and  necrology  (/). 

IV.  — Tide  tables  from  the  date  of  earliest  publication  by  the  Survey  to  the  year 

1890. 

V. — Coast  Pilots  from  the  date  of  earliest  publication  by  the  Survey  to  the  year 
1890. 

VI. — Catalogues,  of  maps  and  charts  published  between  1843  and  1890. 

VII. — Notices  to  mariners. 

VIII.— Bulletins. 


SC5 


366 


IT.  S.  COAST  AND  GEODETIC  SURVEY, 


I. 

ANNUAL  RETORTS  AND  OTHER  DOCUMENTS  OF  THE  U.  S.  COAST  AND 
GEODETIC  SURVEY,  1807  TO  1890,  AND  U.  S.  STANDARD  WEIGHTS  AND 
MEASURES,  1790  TO  1890. 

U.  S.  COAST  AND  GEODETIC  SURVEY. 

REPORTS  AND  OTHER  DOCUMENTS. 


Date. 

Subject, 

Number  of 
pages 
and  size. 

1807. 

Feb.  10 

An  act  to  provide  for  surveying  the  coast  of  the  United  States* 

1,  octavo. 

Mar.  25 

Circular  letter  addressed  by  the  Secretary  of  the  Treasury  to  F.  R.  Hass- 
ler,  requesting  that  he  would  suggest  the  outlines  of  a plan  for  the  sur- 
vey of  the  coast,  such  as  would  unite  correctness  and  practicability. 
[Transactions  American  Philosophical  Society.  Yol.  II.  New 
series.] 

2,  quarto. 

Apr.  2 

Letter  of  Mr.  Hassler  to  the  Secretary  of  the  Treasury,  transmitting  a 
plan  for  putting  into  operation  the  survey  of  the  coast  of  the  United 
States. 

[Transactions  American  Philosophical  Society.  Yol.  II.  New 
series.] 

13,  quarto. 

1808. 

Part  of  volume  of  Executive  reports— Receipts  and  Expenditures  of  the 
United  States.  Survey  of  the  coast. 

[Tenth  Congress.J 

Doc.  26 

Part  of  estimates  of  appropriations  for  support  of  the  Government  for 
1809.  Surveying  department. 

[Tenth  Congress,  second  session.] 

1816. 

Apr.  4 

Report  on  Coast  Survey  by  the  Secretary  of  the  Treasury.  Measures 
taken  towards  a survey  of  the  coast,  etc.  ’ 

[Executive  reports,  Fourteenth  Congress,  first  session.] 

13,  quarto. 

May  15 

Communication  made  to  the  Secretary  of  the  Treasury  by  F.  R.  Hassler, 

ft 

on  the  measures  necessary  to  be  taken  to  put  into  immediate  operation 
such  portions  of  the  work  as  could  be  undertaken  during  the  coming 
season. 

Note.— The  titles  of  the  reports  and  other  documents  relating  to  the 
U.  S.  Coast  Survey  which  follow,  and  which  cover  the  years  between  1816 
and  1844,  are  taken  for  the  most  part  from  two  octavo  volumes  published 
by  Mr.  Hassler,  and  containing  in  Yolume  I the  “Principal  documents 
relating  to  the  survey  of  the  coast  of  the  United  States  since  1816  (New 
York,  1834)”  and  iu  Yolume  II  the  “Principal  documents,  etc.,  from 
October,  1834,  to  November,  1835  (New  York,  1835).”  These  two  volumes 
(340  pages,  octavo)  are  bound  into  a large  octavo  volume  and  form  part  of 
the  “Coast  Survey  and  Weight  and  Measure  Documents,  1832  to  1843.” 
Poore’s  Descriptive  Catalogue  of  Government  Publications,  1774-1881, 
has  also  been  consulted. 

June  11,  18; 

Correspondence  with  the  Treasury  Department  and  articles  of  engage- 

9, octavo. 

July  12 ; 

ment  between  the  Treasury  Department  of  the  United  States  and  F.  R. 

Aug.  3, 18. 

Hassler,  relative  to  the  survey  o$  the  coast  of  the  United  States. 

Nov.  23,  30  .. 

First  Report  of  F.  R.  Hassler,  Superintendent  of  the  Survey  of  the  Coast 
of  the  United  States,  to  the  Secretary  of  the  Treasury  upon  the  progress 
of  the  work. 

3,  octavo, 

1818. 

Mar.  16 

Message  of  President  Monroe  transmitting  a report  of  the  Secretary  of 
the  Treasury  upon  the  progress  made  in  the  coast  surveys.  Instruc- 
tions to  the  Superintendent,  and  his  report  to  the  Secretary. 

[State  Papers.  No.  143,  Fifteenth  Congress,  first  session.  Yol.  II.] 

21,  octavo. 

Apr.  9 

Letter  of  Mr.  Hassler  to  the  Secretary  of  the  Treasury,  discussing  the 
objects  of  the  survey  of  the  coast  and  reviewing’ the  progress  of  the 
work. 

5,  octavo. 

Apr.  14 

An  act  to  repeal  part  of  the  act  entitled  “An  act  to  provide  for  survey- 
ing the  coasts  of  the  United  States,”  approved  April  14, 1818. 

* The  first  survey  of  any  considerable  extent  of  the  coast  of  the  United  States  was  that  of  the  North 
Carolina  coast  between  Cape  Hatteras  and  Cape  Fear,  as  appears  by  letters  of  Albert  Gallatin,  Secre- 
tary of  the  Treasury,  to  the  Commissioners  appointed  for  that  duty.— [Executive  documents,  Ninth 
Congress,  first  session,  April  27, 1806,  and  second  session,  January  23, 1807. 
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RE  POUTS  AND  OTHER  DOCUMENTS-Continued. 


Date. 

Subject. 

Number  of 
pages 
and  size. 

1818. 

Apr.  22 

Letter  of  F.  R.  Hassler  to  the  Secretary  of  the  Treasury,  in  regard  to  the 
repeal  of  the  act  authorizing  the  survey  of  the  coast  and  making  state- 
ment of  arrangements  desirable  for  the  preservation  of  the  work  already 
accomplished. 

2,  octavo. 

Apr.  27 

Communication  by  Mr.  Hassler  to  the  Secretary  of  War,  respecting  the 
transfer  of  the  work  of  the  Coast  Survey  to  the  War  Department;  also, 
a statement  of  the  “Principal  dates  of  the  survey  of  the  coast.” 

13,  octavo. 

1820. 

Nov.  16 

Report  of  the  Secretary  of  the  Treasury  of  the  money  annually  appropri- 
ated and  paid  since  1775  for  surveying  the  seacoast,  bays,  inlets,  har- 
bors, and  shoals,  etc. 

[Senate  Doc.  No.  6,  Sixteenth  Congress,  second  session.  Vol.  I.] 

11,  octavo. 

1828. 

May  1 

Documents  relative  to  coast  surveys.  Statements  relative  to  the  survey 
of  the  coasts  of  the  United  States.  Surveys  made,  and  by  whom. 

[House  Ex.  Doc.  No.  264,  Twentieth  Congress,  first  session.  Vol. 
VI.) 

11,  octavo. 

1831. 

Dec.  22 

Documents  referring  to  Coast  Survey.  Statements  relative  to  the  expe- 
diency of  providing  for  the  completion  of  the  survey  of  the  coasts  of 
the  United  States. 

[House  Ex.  Doc.  No.  22,  Twenty-second  Congress,  first  session. 
Vol.  II.  1 

11,  octavo. 

J uly  10 

An  act  to  carry  into  effect  the  act  to  provide  for  a survey  of  the  coast  of 
the  United  States.  Approved  July  10, 1832. 

July 

Letter  of  F.  R.  Hassler  to  the  Secretary  of  the  Treasury,  presenting  the 
principles  and  views  of  his  plan  of  operation  for  the  survey  of  the 
coast  as  adopted  in  1807. 

9,  octavo. 

Aug.  6 

Upon  the  articles  of  agreement  between  the  Treasury  Department  of  the 
United  States  and  F.R.  Hassler,  relative  to  the  survey  of  the  coast  of 
the  United  States. 

2,  octavo. 

Aug.  9 

Letter  of  the  Secretary  of  the  Treasury  to  F.  R.  Hassler,  appointing  him 
to  make,  under  the  direction  of  the  Treasury  Department,  the  survey 
of  the  coast  as  provided  for  by  the  acts  of  February  10, 1807,  and  July 
10, 1832. 

1,  octavo. 

Aug.  9 

Circular  letter  from  the  Secretary  of  the  Treasury,  requesting  all  owners 
and  occupiers  of  lands  over  which  Mr.  Hassler  and  his  assistants  may 
have  occasion  to  pass  in  the  performance  of  their  public  duties  to 
permit  them,  freely  to  pass  over  and  remain  on  the  same  as  long  as 
may  be  necessary  in  executing  the  work  of  the  survey  of  the  coast. 

1833. 

Dec.  1 

Letter  of  Mr.  Hassler  to  the  Secretary  of  the  Treasury,  reporting  the 
progress  made  in  the  work  of  the  survey  of  the  coast. 

2,  octavo. 

1834. 

Mar.  12 

Letter  from  the  Secretary  of  the  Treasury  to  Mr.  Hassler,  informiHg 
him  that,  with  the  approval  of  the  President,  the  superintendence  of 
the  Coast  Survey  has  been  transferred  from  the  Treasury  to  the  N avy 
Department. 

Mar.  14  to 

Correspondence  of  Mr.  Hassler  with  the  Secretary  of  the  Navy,  relative 

15,  octavo 

Apr.  14. 

to  the  transfer  of  the  Coast  Survey  to  the  Navy  Department,  with  a 
“ Continuation  of  the  principal  facts  and  dates  relating  to  the  Coast 
Survey,  after  the  interruption  of  the  work  in  1818.” 

May  17 

Report  by  F.  R.  Hassler  to  the  Secretary  of  the  Navy  upon  the  “Works 
executed  for  the  survey  of  the  coast  of  the  United  States,  upon  the 
law  of  1832.  and  their  junction  with  the  works  made  in  1817  by  and 
under  the  direction  of  F.  R.  Hassler.” 

14,  octavo. 

Nov.  11 

Report  of  F.  R.  Hassler  as  Superintendent  of  the  Survey  of  the  Coast, 
additional  to  that  dated  May  17,  containing  an  account  of  the  progress 
of  that  work  during  the  summer  and  until  November  of  1834. 

7,  octavo. 

1835. 

Feb.  17 

Statement  by  F.  R.  Hassler  of  the  “Considerations  which  make  an  in 
crease  of  the  appropriation  proposed  for  the  survey  of  the  coast  for  the 
present  year  desirable  and  advantageous.” 

2,  octavo. 

May  8 

Third  report  of  F.  R.  Hassler,  as  Superintendent  of  the  Survey  of  the 
Coast,  upon  the  progress  of  that  work  from  November,  1834,  to  May, 

4,  octavo. 

368 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


U.  S.  COAST  AND  GEODETIC  SURVEY— Continued. 


REPORTS  AND  OTHER  DOCUMENTS^Continued. 


Date. 

Subject. 

Number  of 
pages 
and  size. 

1832. 

Nov.  22 

Fourth  report  of  F.  R.  Hassler,  as  Superintendent  of  the  Survey  of  the 
Coast,  upon  the  operations  performed  in  that  work  between  the  months 
of  May  and  December,  1835,  with  an  estimate  of  the  appropriation 
required  for  the  next  year’s  work. 

6,  octavo. 

Mar.  8 

Statement  made  by  Mr.  Hassler  to  the  Secretary  of  the  Navy  of  reasons 
for  placing  the  Coast  Survey  in  the  Treasury  Department,  and  neither 
in  the  War  nor  Navy  Departments. 

2,  octavo. 

Mar.  25-27  . . 

The  direction  of  the  Coast  Survey  transferred  from  the  Navy  Depart- 
ment to  the  Treasury  Department.  See  letters  of  March  25  from  the 
Secretary  of  the  Navy  to  Mr.  Hassler,  and  of  March  27  from  Mr. 
Hassler  to  the  Secretary  of  the  Treasury. 

15,  octavo. 
* - 

Apr.  13, 18,30 

Reports  from  the  Secretary  of  the  Treasury  and  the  Chief  of  the  Topo- 
graphical Bureau,  U.  S.  Army,  upon  the  salaries  of  the  Superintendent 
of  the  Coast  Survey  and  his  assistants,  with  remarks  by  Mr.  Hassler 
in  relation  thereto. 

1 15,  octavo. 

I 

Nov.  19 

Fifth  report  of  F.  R.  Hassler,  as  Superintendent  of  the  Coast  Survey, 
* * * exhibiting  the  operations  performed  in  1836. 

5,  octavo. 

Deo.  7 

Report  on  the  Coast.  Survey  by  the  Secretary  of  the  Treasury.  State- 
ment relative  to  the  transfer  of  the  Coast  Survey  from  the  Navy  De- 
partment to  the  Treasury,  with  copies  of  correspondence  relating  to 
the  subject,  and  the  report  of  F.  R.  Hassler,  Superintendent  of  the 
Survey. 

[Ex.  Doc.  No.  13,  Twenty-fourth  Congress,  second  session,  Vol.  I.] 

60,  octavo. 

UNITED  STATES  COAST  AND  GEODETIC  SURVEY  AND  U.  S.  STANDARD 
WEIGHTS  AND  MEASURES. 


ANNUAL  REPORTS. 


Ferdinand  Rudolph  Hassler,  Superintendent. 


Period  of  re- 
port. 

Subject. 

1837 

United  States  Coast  Survey 

Weights  and  Measures 

United  States  Coast  Survey 

Weights  and  Measures 

United  States  Coast  Survey 

Weights  and  Measures 

United  States  Coast  Survey 

Weights  and  Measures 

1338 

1839 

1840 

Dec.,  1841 

Jan.,  1842* 

Dec.,  1842* 

Jan.,  1843 1 

Feb.,  18431 

Nov.,  1843,1  and 
Jan.,  1844. 

Number  of 
pages 
and  size. 


Designation  as  a public  document. 


5,  octavo 


Twenty-fifth  Congress,  second  session, 
No.  79,  Senate. 


11,  octavo 
6,  octavo 

1,  octavo 
6,  octavo 


Do. 

Twenty-fifth  Congress,  third  session,  No. 
4,  Senate. 

Do. 

Twenty-sixth  Congress,  first  session,  No. 
15,  Senate. 


2,  octavo 
7,  octavo 


1,  octavo 
18,  octavo 

8,  octavo 

5,  octavo 
103,  octavo 
93,  octavo 
8,  octavo 


Do. 

Twenty-sixth  Congress,  second  session, 
No.  14,  House  of  Representatives— 
Treasury  Department. 

Do. 

Twenty-seventh  Congress,  second  ses- 
sion, No.  28,  House  of  Representa- 
tives— Treasury  Department. 

Twenty-seventh  ' Congress,  second  ses- 
sion, No  57,  House  of  Representa- 
tives— Treasury  Department 

Twenty-seventh  Congress,  third  session, 
No.  il,  Senate. 

Twenty-seventh  Congress,  third  session, 
No.  43,  House  of  Representatives. 

Twenty  seventh  Congress,  third  session, 
No.  170,  House  of  Representatives. 

Twenty-eighth  Congress,  first  session, 
No.  97,  House  of  Representatives — 
Treasury  Department. 


* Report  in  regard  to  progress  and  expenditures. 

t Reports  of  select  committee  of  the  House  of  Representatives  upon  progress  and  expenditure  in  the 
Coast  Surve j . 

lLast  report  of  F.  R.  Hassler,  as  Superintendent  of  the  Coast  Survey,  transmitted  January  29, 
1844,  by  the  Secretary  of  the  Treasury  to  Congress. 
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Alexander  Dallas  Bache,  Superintendent. 


Report 
for  year 
ending — 

Number  of 
pages 
and  size. 

Number 
of  appen- 
dices. 

Number 
of  illus- 
trations. 

Designation  as  a public  document. 

Nov.,  1844 

22,  octavo 

4 

Tweuty-eighth  Congress,  second  session,  No.  25, 
House  of  Representatives — Treasury  Department. 

1845 

44,  octavo 

4 

3 

Twenty-ninth  Congress,  first  session,  No.  38,  House 
of  Representatives — Treasury  Department. 

1846 

74,  octavo 

11 

9 

Twenty-ninth  Congress,  second  session,  No.  6,  House 
of  Representatives — Treasury  Department. 

Oct,,  1847 

88,  octavo 

18 

11 

Thirtieth  Congress,  first  session,  Senate  Ex.  No.  6. 

Nov.,  1848 

120,  octavo 

19 

16 

Thirtieth  Congress,  second  session,  Senate  Ex.  No.  1. 

1849 

98,  octavo 

20 

16 

Thirty-first  Congress,  first  session,  Senate  Ex.  No.  5. 
Thirty-first  Congress,  second  session,  Hou.se  Ex.  Doc. 
No.  12. 

1850 

134,  octavo 

37 

27 

1851 

559,  octavo 

57 

Thirty-second  Congress,  first  session,  Senate  Ex.  Doc. 
No.  3. 

1851 

quarto 

58 

One  volume,  quarto,  sketches  accompanying  the 
Annual  Report  of  the  Superintendent  U.  S.  Coast 
Survey  for  1851. 

1852* 

173,  quarto 

52 

37 

Thirty-second  Congress,  second  session,  House  Ex., 
No.  64. 

Oct.,  1853 

186,  quarto 

58 

54 

Thirty-third  Congress,  first  session,  Senate  Ex.,  No.  14. 

1854 

288,  quarto 

73 

58 

Thirty-third  Congress,  second  session,  House  Ex.  Doc. 
No.  20. 

1855 

420,  quarto 

86 

60 

Thirty-fourth  Congress,  first  session,  House  Ex.  Doc. 
No.  6. 

1856 

358,  quarto 

86 

67 

Thirty-fourth  Congress,  third  session,  Senate  Ex.  Doc. 
No.  12. 

1857 

448,  quarto 

65 

72 

Thirty-fifth  Congress,  first  session,  Senate.  Ex.  Doc. 
No.  33. 

1858 

464,  quarto 

50 

40 

Thirty-fifth  Congress,  second  session,  Senate  Ex.  Doc. 
No.  14. 

1859 

371,  quarto 

43 

40 

Thirty-sixth  Congress,  first  session,  House  Ex.  Doc. 
No.  41. 

I860 

409,  quarto 

45 

30 

Thirty-sixth  Congress,  second  session,  Senate  Ex.  Doc. 

1861 

270,  quarto 

34 

31 

Thirty-seventh  Congress,  second  session,  Senate  Ex. 
Doc. 

1862 

434,  quarto 

40 

41 

Thirty-seventh  Congress,  third  session,  House  Ex.  Doc. 
No.  70. 

1863 

218,  quarto 

29 

30 

Thirty-eighth  Congress,  first  session,  Senate  Ex.  Doc. 

1864 

315,  quarto 

24 

39 

Thirty-eighth  Congress,  second  session,  Senate. 

* Beginning  with  1852,  the  reports  of  the  Superintendent  for  each  year  appear  in  one  volume,  quarto. 


Julius  Erasmus  Hilgard,  Acting  Superintendent. 


Oct.,  1865 

231,  quarto 

22 

32 

Thirty-ninth  Congress,  first  session,  House  Ex.  Doc. 
No.' 75. 

1866 

140,  quarto 

20 

30 

Thirty-ninth  Congress,  Second  session,  House  Ex.  Doc. 
No.  87. 

Benjamin  Peirce,  Superintendent. 


Oct.,  1867 

334,  quarto 

20 

28 

Fortieth  Congress,  second  session,  House  Ex.  Dock 
No.  275. 

1868 

277,  quarto 

15 

29 

Fortieth  Congress,  third  session,  House  Ex.  Doc. 
No.  71. 

1869 

259,  quarto 

15 

28 

Forty-first  Congress,  second  session,  House  Ex.  Doc. 
No.  206. 

1870 

232,  quarto 

22 

28 

Forty -first  Congress,  third  session,  House  Ex.  Doc. 
No.  112.  C. 

1871 

219,  quarto 

18 

36 

Fortv-second  Congress,  second  session,  Houst?*Ex.  Doc. 
No.  121. 

< 1872 

267,  quarto 

18 

24 

Forty-second  Congress,  third  session,  House  Ex.  Doc. 
No.  240. 

1873 

180,  quarto 

15 

18 

Forty-third  Congress,  first  session,  House  Ex.  Doc. 
No.  133. 

H.  Ex.  43,  pt.  2—24 
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Carlile  Pollock  Patterson,  Superintendent. 


Report 
for  year 
ending — 

Number  of 
pages 
and  size. 

Number 
of appen- 
dices. 

Number 
of  illus- 
trations. 

Designation  as  a public  document. 

June,  1874 

242,  quarto 

18 

24 

Forty-third  Congress,  second  session,  House  Ex.  Doc. 
No.  100. 

1875 

412,  quarto 

20 

37 

Forty-fourth  Congress,  first  session,  House  Ex.  Doc. 
No.  81. 

1876 

416,  quarto 

23 

37 

Forty-fourth  Congress,  second  session,  Senate  Ex.  Doc. 
No.  37. 

1877 

192,  quarto 

15 

25 

Forty-fifth  Congress,  second  session,  Senate  Ex.  Doc. 
No.  12. 

1878 

304,  quarto 

11 

39 

Forty-fifth  Congress,  third  session,  Senate  Ex.  Doc. 
No.  13. 

1879 

213,  quarto 

16 

53 

Forty-sixth  Congress,  second  session,  Senate  Ex.  Doc. 
No.  17. 

1880 

419,  quarto 

19 

84 

Forty-sixth  Congress,  third  session,  Senate  Ex.  Doc. 
No.  12. 

Julius  Erasmus  Hilgard,  Superintendent. 


June,  1881 

471,  quarto 

18 

63 

Forty-seventh  Congress,  first  session,  Senate  Ex.  Doc. 
No.  49. 

1882 

565,  quarto 

24 

52 

Forty-seventh  Congress,  second  session,  Senate  Ex. 
Doc.  No.  77. 

1883 

488,  quarto 

19 

50 

Forty-eighth  Congress,  first  session,  Senate  Ex.  Doc. 
No.  29. 

1884 

622,  quarto 

19 

25 

Forty-eighth  Congress,  second  session,  House  Ex.  Doc. 
No.  43. 

Note. — Abstracts  of  the  reports  for  1882,  1888,  and  1884  were  prepared  for  early  distribution  and 
published  as  Treasury  Department  documents  364,  541,  and  652  Coast  and  Geodetic  Survey,  each 
abstract  containing  about  20  pages  octavo. 


Frank  M.  Thorn,  Superintendent. 


June,  1885 
1886 

1887 

1888 

516,  quarto 

435,  quarto 

514,  quarto 
566,  quarto 

18 

13 

16 

14 

46 

39 

49 

60 

Forty-ninth  Congress,  first  session,  House  Ex.  Doc. 
No.  18. 

Forty-ninth  Congress,  second  session,  House  Ex.  Doc. 
No.  40. 

Fiftieth  Congress,  first  session,  House  Ex.  Doc.  No.  17. 
Fiftieth  Congress,  second  session,  House  Ex.  Doc.  No.  22. 

Thomas  Corwin  Mendenhall,  Superintendent. 

June,  1889 

503,  quarto 

18 

50 

Fifty-first  Congress,  first  session,  House  Ex.  Doc.  No.  55. 

1890 

780,  quarto 

20 

71 

Fifty-first  Congress,  second  session,  House  Ex.  Doc. 
No.  80. 

Note. — For  other  papers  and  documents  relating  to  the  U.  S.  Coast  and  Geodetic  Survey,  printed  or 
published  from  the  year  1844  until  the  year  1890,  see  Bibliography. 
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REPORTS  AND  OTHER  DOCUMENTS. 

1790  to  1890. 


1790. 
Jan. 8... 


July  4 


1791. 
Oct.  5 ... 


1792. 
Apr.  5 . . 


1795. 
Jan.  9... 


1796 
Apr.  12 


1819. 
Jan.  25.. 


1821. 
Feb. 22.. 


1822. 
Mar.  11  . 


Note. — The  titles  which  are  here  given  of  papers  having  an  official 
character  or  a historical  interest  relating  to  U.  S.  Standard  Weights  and 
Measures,  and  which  were  printed  or  published  between  1790  and  1830, 
have  been  taken  (with  some  slight  changes)  from  Poore’s  Descriptive 
Catalogue  of  Government  Publications  of  the  United  States,  1774  to  1881. 

Annual  message  to  Congress.  President  Washington 

[First  Congress,  second  session.] 

The  President  urges  the  importance  of  uniformity  in  the  currency, 
weights,  and  measures  of  the  United  States. 

Report  on  Weights,  Measures,  and  Coinage — By  Thomas  Jefferson,  Sec- 
retary of  State. 

[Ex.  Docs.,  First  Congress,  second  session.] 

On  the  subject  of  establishing  a uniformity  in  the  weights,  measures, 
and  coins ; consideration  upon  the  use  of  the  pendulum  as  a measure  of 
determinate  length ; recommends  that  the  standard  of  measure  be  an  uni- 
form cylindrical  rod  of  iron  of  such  length  that  it  shall  perform  its  vibra- 
tions in  small  and  equal  arcs  in  one  second  of  mean  time;  weights  and 
measures  in  use  in  Great  Britain ; reports  of  committees  of  the  House  of 
Commons  in  1 757— ’59 ; examination  of  the  system  of  measures  in  use  in 
the  United  States;  standard  for  coins;  recommendations  for  changes  in 
the  weights  and  measures  in  the  United  States  ; the  measures,  weights, 
and  coins  of  the  decimal  system,  estimated  in  those  of  England,  now  used 
in  the  United  States. 


Annual  message  to  Congress 

[Second  Congress,  first  session.] 

President  Washington  calls  attention  to  the  necessity  of  action  upon 
the  subject  of  uniformity  in  currency,  weights,  and  measures. 

Report  of  the  Committee  on  Weights  and  Measures — R.  Izard,  Senator  .. 
[Journal  of  the  Senate,  Second  Congress,  first  session,  pp.  173, 174. J 
Fixing  a standard  for  weights  and  measures;  directions  for  the  scien- 
tific construction  of  a standard  rod  ; division  of  the  rod  into  five  equal 

})arts,  one  of  which  shall  be  called  a foot ; measures  in  the  survey  of 
ands ; units  of  weight. 

Communication  from  Minister  of  French  Republic 

[Ex.  Docs.,  Third  Congress,  second  session.] 

Regarding  the  adoption  by  the  United  States  of  a system  of  weights 
and  measures  conformable  to  that  lately  adopted  by  France;  detailed  de- 
scription of  the  new  method;  standards  of  mensuration;  standard  of 
weight;  division  of  the  standards  into  decimal  parts. 

Reports  on  Weights  and  Measures— Representative  Carter  B.  Harrison.. 
[Ex.  Docs.,  Fourth  Congress,  first  session.] 

Regulations  of  the  standard  of  weights  and  measures;  divisions  of  the 
pound;  divisions  of  the  ounce;  scientific  experiments  to  be  made  by 
scientists  to  be  employed  by  the  Government  to  fix  upon  a standard  of 
weights  and  measures. 

Report  on  a standard  of  weights  and  measures— Select  committee  of  Con- 
gress. 

[House  Docs.  No.  109,  Fifteenth  Congress,  second  session.  Yol.  YI.] 
Recommends  that  models  of  the  yard,  bushel,  and  pound,  conforming  to 
those  in  most  common  use,  be  made  under  the  direction  of  a Commission 
to  be  selected  by  the  President,  and  which,  if  satisfactory  to  Congress, 
shall  be  declared  the  standard  weights  and  measures  of  the  United  States. 

Report  on  Weights  and  Measures— By  John  Quincy  Adams,  Secretary 
of  State.  ' * 

[Ex.  Papers,  No.  109,  Sixteenth  Congress,  second  session.  Yol. 

Plan  of  a standard  of  weights  and  measures  to  be  adopted  by  the 
United  States,  prepared  in  conformity  with  a resolution  of  the  Houso  of 
Representatives,  dated  December  14,  1819. 

Report  on  Weights  and  Measures.  Select  committee 

[Reports  of  committees,  No.  65,  Seventeenth  Congress,  first  session. 
Yol.  I.] 

The  President  of  the  United  States  should  be  requested  to  obtain  for 
the  use  of  the  different  States  and  Territories  duplicates  of  the  English 
measures  weights,  etc. 


12. 


245. 
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Date. 

Subject. 

Number  of 
pages 
and  size. 

1830. 

May  29 

Extract  from  Senate  Journal: 

On  motion  of  Mr.  Woodbury,  and  by  unanimous  consent, 

Resolved , That  the  Secretary  of  the  Treasury  be  directed  to  cause  a 
comparison  to  be  made  of  the  standards  of  weights  and  measures  now 
used  at  the  principal  custom-houses  in  the  United  States,  and  report  to 
the  Senate  at  the  next  session  of  Congress. 

Note.— The  titles  which  follow  of  the  reports  and  other  documents 
relating  to  United  States  weights  and  measures  have  been  taken  chiefly 
from  copies  of  the  documents  themselves  on  file  in  the  libraries  of  the 
Coast  and  Geodetic  Survey  and  the  Office  of  Standard  Weights  and 
Measures.  The  greater  part  of  them  are  found  in  three  bound  volumes, 
octavo,  viz : Coast  Survey  and  Weight  and  Measure  Documents,  1832 
to  1843;  Congressional  and  Departmental  Documents,  Yol.  I,  1830-1856, 
Yol.  II,  1857-1889. 

1831. 

Mar.  3 

Report  on  Weights  and  Measures— By  S.  D.  Ingham,  Secretary  of  the 
Treasury. 

[Senate  Docs.,  No.  74,  Twenty-first  Congress,  second  session.  Yol. 

Relative  to  comparison  of  weights  and  measures  used  in  custom- 
houses. 

2,  octavo. 

Apr.  30,  June 

Letters  of  the  Secretary  of  the  Treasury  to  F.  R.  Hassler,  Superintendent 

2,  octavo. 

18. 

United  States  Standard  Weights  and  Measures,  respecting  permanent 
standards  of  weights  and  measures  for  the  Treasury  Department : the 
manufacture  of  weights  and  measures  for  all  the  custom  houses  in  the 
United  States,  and  the  adoption  of  units  of  weight  and  of  capacity. 

1832. 

Mar.  5 

An  enumeration  by  Mr.  Hassler  of  the  objects  and  statements  desirable 
to  form  a collection  of  standard  weights  and  measures  of  foreign 
countries  for  the  Department  of  State  of  the  United  States. 

3,  octavo. 

June  20 

Report  of  the  Secretary  of  the  Treasury,  in  compliance  with  a resolu- 

122, octavo. 

1834. 

tion  of  the  Senate,  showing  the  result  of  an  examination  of  the  weights 
and  measures  used  in  the  several  custom-houses  in  the  United  States. 
[Twenty-second  Congress,  first  session,  Doc.  No.  299,  House  of 
Representatives.  1 

July  and 

Correspondence  with  the  Secretary  of  the  Treasury,  and  reports  of 

20,  octavo. 

Aug.,  and 

progress  in  the  construction  of  standard  weights  and  measures.  F.  R. 
Hassler,  Superintendent.* 

Jan.  and 

Feb.,  1835. 
1835. 

Feb.  27 

Mr.  Binney,  from  select  committee  to  which  the  subject  had  been 
referred,  made  the  following  report  on  a memorial  from  citizens  of 
Philadelphia,  praying  Congress  to  establish  a standard  of  weights  and 
measures  throughout  the  Union,  and  uniform  mode  of  applying  and 
conforming  to  the  same. 

[Twenty-third  Congress,  second  session,  Report  No.  132,  House  of 
Representatives.  J 

31,  octavo. 

Dec.  26 

Letter  from  the  Secretary  of  the  Treasury,  transmitting  information  in 
relation  to  a standard  of  weights  and  measures. 

[Twenty -fourth  Congress,  first  session.  Doc.  No.  32,  House  of  Rep- 
resentatives — T reasu  ry  D epartment.  ] 

7,  octavo. 

1836. 

Jan.  30 

Report  of  tbe  Committee  on  Commerce  in  relation  to  the  expediency  of 
furnishing  the  States  and  Territories  with  the  standard  weights  and 
measures  selected  and  adopted  by  the  Executive,  to  be  used  in  the  col- 
lection of  the  revenue  of  the  United  States. 

[Twenty-fourth  Congress,  first  session,  Report  No.  259,  House  of 
Representatives.  ] 

2,  octavo. 

Mar.  21 

Mr.  Pinckney,  from  the  Committee  on  Commerce,  submitted  a report  on 
a resolution  directing  them  to  inquire  into  the  expediency  of  providing 
for  the  distribution  among  the  States  and  Territories  of  the  same 
standards  of  weights  and  measures  which  have  been  ordered  to  be  pro- 
vided for  the  custom-houses. 

[Twenty-fourth  Congress,  first  session,  Report  No.  449,  House  of 
Representatives.  J 

Note. — This  is  a report  substantially  the  same  in  effect  as  the  one  of 

2,  octavo. 

January  30,  1836,  and  recommends  the  adoption  of  the  same  resolution. 

‘Contained  in  volume  with  following  title:  Docnments  relating  to  the  construction  of  uniform 
standards  of  weights  and  measures  for  the  United  States,  from  1832  to  1835.  Published  by  F.  R, 
Hassler,  superintendent  of  the  work.  New  York:  Printed  by  John  Windt,  1836. 
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Date. 

Subject. 

Number  of 
pages 
and  size. 

1836. 

Apr.  30,  and 
May  13, 18. 

Correspondence  with  the  Secretary  of  the  Treasury  in  relation  to  a com- 
parison of  the  Troy  pound  sent  from  England  with  the  Troy  pound  of 
the  United  States  Mint,  and  relative  to  the  construction  of  standard 
weights  for  the  United  States  Mint  at  Philadelphia. 

5,  octavo. 

June  16 

Letter  of  the  Secretary  of  the  Treasury  to  F.  R.  Hassler,  Superintendent 
of  Weights  and  Measures,  inclosing  copy  of  a joint  resolution  of  Con- 
gress in  regard  to  the  preparation  of  complete  sets  of  standard  weights 
and  measures  for  each  of  the  States  of  the  Union. 

8,  octavo. 

T irr 

2,  octavo.* 
2,  octavo. 

Julv  28  and 
Aug.  10. 

Letters  of  Mr.  Hassler  to  the  Secretary  relating  to  the  completion  and 
delivery  of  six  sets  of  standard  weights,  one  set  to  the  Treasury  De- 
partment and  five  sets  for  custom-houses. 

Nov.  19 

Report  of  progress  in  the  construction  of  standard  weights  and  meas- 
ures, by  F.  R.  Hassler,  Superintendent. 

[This  report  is  combined  with  that  of  the  Coast  Survey.  J 

2,  octavo. 

1837. 

Nov.  18 

Report  by  F.  R.  Hassler,  Superintendent  Weights  and  Measures,  upon 
the  establishment  of  the  system  of  ounce  weights  for  the  mints  of  the 
United  States. 

[Above  forms  part  of  Senate  Doc.  No.  79  and  of  House  Doc.  No.  20, 
Twenty-fifth  Congress,  second  session.] 

10,  octavo. 

1838. 

July  3 

Letter  from  the  Secretary  of  the  Treasury,  transmitting  a report  of  F.  R. 
Hassler,  stating  that  complete  sets  of  standard  weights  and  measures 
for  the  respective  States  of  the  Union  have  been  prepared  and  are  now 
ready  for  delivery. 

[House  Doc.  No.  454,  Twenty-fifth  Congress,  second  session — Treas- 
ury Department.] 

June  26 

Report  to  the  Treasury  Department  of  the  United  States  upon  the  con- 
struction and  completion  of  the  standards  of  weigh  t for  all  the  States 
of  the  Union. 

[House  Doc.  454,  Twenty-fifth  Congress,  second  session.] 

6,  octavo. 

Nov.  14 

Seventh  report  of  F.  R.  Hassler,  as  siifferintendent  of  the  construction  of 
standards  of  weights  and  measures. 

[Part  of  Senate  Doc.  No.  4,  Twenty-fifth  Congress,  third  session.] 

1,  octavo. 

1839. 

Nov.  16 

1840. 

Upon  the  construction  of  the  standards  of  weights  and  measures 

[Part  of  Senate  Doc.  No.  15  and  of  House  Doc.  No.  20,  Twenty-sixth 
Congress,  first  session.] 

2,  octavo. 

July  10 

Report  upon  the  completion  of  the  standard  yard  measures  for  the  re- 
spective States — by  F.  R.  Hassler,  Superintendent  of  Weights  and 
Measures. 

[House  Doe.  No.  261,  Twenty-si^th  Congress,  first  session.] 

6,  octavo. 

Nov.  17 

Upon  the  construction  of  standard  weights  and  measures 

[Part  of  House  Doc.  No.  14,  Twenty-sixth  Congress,  second  session.] 

1,  octavo. 

1841. 

June  22 

Report  upon  the  completion  of  the  standard  ounce  weights  for  all  the 
States  of  the  Union — by  F.  R.  Hassler,  Superintendent  of  Weights  and 
Measures. 

[House  Doc.  No.  33,  Twenty-seventh  Congress,  first  session.] 

4,  octavo. 

1842. 

Apr.  5 

Report  upon  the  construction  of  standards  of  liquid  capacity  measures, 
with  descriptions  of  the  apparatus  devised  for  standardiug,  tables  of 
last  weighings,  and  ultimate  results  of  adjustment.  With  3 illustra- 
tions. 

[Senate  Doc.  No.  225  and  House  Doc.  No.  176,  Twenty-seventh  Con- 
gress, second  session.] 

26,  octavo. 

June  29 

Dec.  19 

Report  by  F.  R.  Hassler  upon  the  works  of  the  establishment  of  uniform 
weights  and  measures  for  the  United  States,  made  upon  a call  from  the 
select  committee  of  the  Hcrtise  of  Representatives. 

Letter  from  the  Secretary  of  the  Treasury  transmitting  a report  of  Prof. 
Hassler,  Superintendent  of  the  Coast  Survey,  the  last  paragraphs  of 
which  relate  to  weights  and  measures. 

[House  Doc.  No.  23  and  Seuate  No.  11,  Twenty-seventh  Congress, 
third  session— Treasury  Department.) 

17,  octavo. 
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Date. 

Subject. 

N umber  of 
pages 
and  size. 

1843. 

Mar.  2 

Committee  on  Commerce  (Mr.  Randall),  to  whom  was  referred  the  peti- 
tion of  William  Nixon,  reports  adversely  to  the  adoption  of  the  metric 
system  of  weights  and  measures. 

[House  Report  No.  285,  Twenty-seventh  Congress,  third  session. 1 

Apr.,  June, 

Reports  of  F.  R.  Hassler,  as  superintendent  of  the  construction  of  stand- 

and  Nov., 

ards  of  weight  and  measure,  upon  the  progress  of  the  works  in  the 

and  Jan. 

construction  of  standards  since  December,  1842. 

31,  1884. 

[House  Doc.  No.  94,  Twenty- eighth  Congress,  first  session.  1 

Report  transmitted  to  Congress  by  the  Secretary  of  the  Treasury  after 
the  death  of  Mr.  Hassler,  together  with  a tabular  statement  of  tho  work 
executed  for  the  system  of  uniform  standards  for  the  United  States  from 
the  beginning  of  the  year  1836  to  June,  1842,  with  their  state  at  that 
epoch,  and  the  additions  made  until  November,  1843.  Six  illustrations. 

1845. 

Feb.  26,  27... 

Report  of  Alexander  Dallas  Bache,  Superintendent,  on  the  construction 
of  standard  weights,  measures,  and  balances  for  the  year  1844. 

[Senate  Doc.  No.  149  and  House  Doc.  No.  159,  Twenty-eighth  Con- 
gress, second  session.]' 

32,  octavo. 

1816. 

Apr.  25  and 

Report  upou  the  progress  made  in  the  consl  ruction  of  standard  weights, 

23,  octavo. 

Aug.  7. 

measures,  and  balances  in  the  year  1845,  under  the  superintendence  of 
A.  D.  Bache. 

[Senate  Doc.  No.  483,  Twenty -ninth  Congress,  first  session.] 

1848. 

July  30  and 

Report  to  the  Treasurv  Department,  by  A.  D.  Bache,  on  the  progress  of 

29,  octavo. 

Aug.  12. 

the  work  of  constructing  standards  of  weights  and  measures,  and  bal- 
ances, in  the  years  1846  and  1847.  Four  illustrations. 

[Senate  Ex.  Doc.  No.  73  and  House  Ex.  Doc.  No.  84,  Thirtieth  Con- 
gress, first  session.] 

Dec.  12 

1851. 

Feb.  7, 10.... 

Reports  from  the  Secretary  of  the  Troasury  of  scientific  investigations 
in  relation  to  sugar  and  hydrometers,  made  under  the  superintendence 
of  A.  D.  Bache,  by  Prof.  R.  S.  McCulloch.  Revised  edition  by  order  of 
the  Senate. 

[Senate  Ex.  Doc.  No.  50,  Thirtieth  Congress,  first  session.] 

Letter  from  A.  D.  Bache,  Superintendent  of  Weights  and  Measures, 
communicating  a report  of  the  computation  of  a manual  of  tables  to  be 
used  with  the  hydrometers  recently  adopted  in  the  United  States  cus 
tom-houses.  With  six  illustrations. 

[Senate  Ex.  Doc.  No.  28,  Thirty-first  Congress,  second  session.] 

168,  octavo. 

1856. 

Dec.  31 

Report  to  the  Treasury  Department  of  progress  made  under  the  superin- 
tendence of  Alexander  D.  Bache,  in  the  construction  and  distribution 
of  standards  of  weights  and  measures,  and  supply  of  hydrometers  to 
custom-houses ; also  of  balances  made  and  distributed  to  the  States, 
and  the  laws  severally  enacted  therein  relative  to  standard  weights  and 
measures  from  the  1st  of  January,  1848,  to  the  31st  of  December,  1856. 
Six  illustrations. 

[Senate  Ex.  Doc.  No.  27,  Thirty- fourth  Congress,  third  session.] 

218,  octavo. 

1858 

Dec.  15 

Report  of  the  Secretary  of  the  Treasury  communicating,  in  answer  to  i 
resolution  of  the  Senate,  a report  showing  the  amount  expended  and 
the  progress  made  in  the  Coast  Survey,  and  also  (pp.  222-287)  the 
weights  and  measures  furnished  the  several  States  and  custom-houses 
and  their  cost. 

[Senate  Ex.  Doc.  No.  6,  Thirty-fifth  Congress,  second  session,] 

1866 

May  17 

Mr.  Kasson,  from  the  Committee  on  Coinage,  Weights,  and  Measures, 
made  the  following  report  upon  the  general  subject  of  a uniform 
system  of  coinage,  weights,  and  measures,  accompanied  by  bills  and 
resolutions  which,  as  acts  of  Congress,  were  approved  July  28,  1866. 

| House  Report  No.  62,  Thirty-ninth  Congress,  first  session.] 

1867 

Mar.  7 

1 OIJA 

Letter  of  the  Vice-president  of  the  National  Academy  of  Sciences  com- 
municating, in  obedience  to  law,  a report  of  the  proceedings  of  the 
Academy  during  the  year  1866.  Report^  on  hydrometers,  densities, 
and  Manual  for  Inspectors  of  Spirits,  etc. 

[Senate  Mis.  Doc.  No.  44,  Fortieth  Congress,  first  session.] 

loo9 

Nov.  15 

Report  by  Benjamin  Peirce,  Superintendent  of  Standard  Weights  and 
Measures,  to  the  Secretary  of  the  Treasury,  upon  the  progress  made  in 
the  construction  of  metric  standards  of  length,  weight,  and  capacity, 
in  pursuance  of  a joint  resolution  of  Congress  of  J uly  27,  1866. 

4,  octavo. 
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1871 
Nov.  30. 


1875 
Aug.  17- 


Mar. 


1876 


Mar.  1. 


1887 


1878 

Mar.21,23,28 


May  8, 18. 


June  11 


1880 
Feb.  12.. 


Mar.  5 


1881. 
Mar. 3 ... 


1886. 
Jan.  29.. 


1888. 
Apr.  26  . 


Report  of  an  examination  of  weights  and  balances  at  the  branch  mint, 
United  States,  San  Francisco,  Cal.— By  George  Davidson,  Assistant, 
TJ.  S.  Coast  Survey. 

Memorial  to  Congress  in  favor  of  an  International  Bureau  of  weights 
and  measures.  Signed  by  F A.  P.  Barnard,  chairman  committee; 
J.  E.  Hilgard,  H.  A.  Newton,  J.  L,  Smith,  Joseph  Henry,  W.  B.  Rogers, 
Bepj.  Peirce,  E.  B.  Elliott. 

Report  on  the  proposed  International  Bureau  of  weights  and  measures 
at  Paris.  Giving  a concise  history  of  what  has  been  done  by  the  Inter- 
national Conference—  by  J.  E.  Hilgard,  Assistant,  U.  S.  Coast  Survey, 
and  delegate  from  the  United  States  to  the  International  Commission. 

Papers  relating  to  metric  standards  distributed  to  the  States  ot  the  Union 
under  a joint  resolution  of  Congress  of  July  27, 1866,  including  a descrip- 
tion of  the  metric  standards,  with  directions  for  their  use— by  J.  E. 
Hilgard,  Inspector  U.  S.  Standard  Weights  and  Measures. 

The  relation  of  the  lawful  standards  of  measure  of  the  United  States  to 
those  of  Great  Britain  and  France— J.  E.  Hilgard. 

[Published  as  Appendix  No.  22  to  U.  S."  Coast  Survey  Report  for 

1876.  J 

Comparison  of  American  and  British  standard  yards. — J.  E.  Hilgard. 

[Published  as  Appendix  No.  12  to  U.  S.  Coast  Survey  Report  for 

1877. ] 

Letters  of  C.  P.  Patterson,  Superintendent  Coast  Survey,  and  of  J.  E. 
Hilgard,  Assistant  Coast  Survey  and  Inspector  U.  S.  Standard  Weights 
and  Measures,  in  relation  to  the  proposition  for  making  the  use  of  the 
metrical  sy  stem  of  weights  and  measures  obligatory  in  all  governmental 
and  individual  transactions,  embodied,  with  other  statements,  in  a com- 
munication from  the  Secretary  of  the  Treasury,  in  response  to  a reso- 
lution of  the  House  of  Representatives. 

[House  Ex.  Doc.  No.  71,  Forty-fifth  Congress,  second  session.] 


Statement  of  J.  E.  Hilgard,  Inspector  U.  S.  Weights  and  Measures,  before 
the  Committee  on  Coinage,  Weights,  and  Measures,  of  the  House  of 
Representatives,  concerning  the  standard  weights  and  measures  of  the 
United  States. 

[House  Mis.  Doc.  No.  61,  Forty-fifth  Congress,  second  session.] 

International  Bureau  of  Weights  and  Measures.  Message  from  the  Presi- 
dent- of  the  United  States  transmitting  a communication  from  the 
Secretary  of  State  in  response  to  a resolution  of  the  House  of  Repre- 
sentatives, in  relation  to  the  convention  for  establishing  an  Interna- 
tional Bureau  of  Weights  and  Measures. 

[House  Ex.  Doc.  No.  96,  Forty-fifth  Congress,  second  session.] 

Report  by  Mr.  Stephens,  Committee  on  Coinage,  Weights,  and  Measures, 
on  the  metric  system  of  coinage. 

[House  Report  No.  203,  Forty-sixth  Congress,  second  session.] 

Report  of  Mr.  Yance,  of  Committee  on  Coinage,  Weights,  and  Measures, 
on  a decimal  system  of  weights  and  measures  for  the  English-speaking 
nations. 

[House  Mis.  Doc.  No.  29,  Forty-sixth  Congress,  second  session.] 

Complete  set  of  standard  weights  and  measures  to  be  furnished  for  the 
use  of  the  agricultural  colleges.  Approved  March  3, 1881. 

[Public  resolution  No.  23.] 

Joint  resolution,  directing  the  Secretary  of  the  Treasury  to  cause  a 
complete  set  of  all  the  weights  and  measures  adopted  as  standards  to  be 
delivered  to  the  Governor  of  each  State  in  the  Union  for  the  use  of  agri- 
cultural colleges,  etc. 

Letter  from  the  Secretary  of  the  Treasury  transmitting  letter  from  the 
Superintendent  of  the  Coast  and  Geodetic  Survey,  relative  to  supply- 
ing balances,  weights,  and  measures  to  Territories,  etc. 

[Senate  Ex.  Doc.No.  55,  Forty-ninth  Congress,  first  session.  ] 

Letter  from  the  Secretary  of  the  Treasury  transmitting  an  estimate  from 
the  Secretary  of  State  of  an  appropriation  to  supply  deficit  for  the  In- 
ternational Bureau  of  Weights  and  Measures. 

[House  Ex.  Doc.  No.  283,  Fiftieth  Congress,  first  session,  j 


6,  octavo. 


5,  quarto. 


33,  quarto. 


7,  octavo. 


37,  octavo. 
12,  octavo. 
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pages 
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1889. 

June  15 

Bulletin  No.  9 —On  the  Relation  of  the  Yard  to  the  Metre.  By  0.  H. 
Tittmann,  Assistant. 

6,  quarto. 

Appendix  No.  6.— Annual  Report  of  the  U.  S.  Coast  and  Geodetic  Survey, 
1889.  The  relation  between  the  metric  standards  of  length  of  the 
U.  S.  Coast  and  Geodetic  Survey  and  the  U.  S.  Lake  Survey. 

19,  quarto. 

Sept.  16 

Letter  to  the  Secretary  of  State  transmitting  a report  upon  the  subject  of 

7,  large  octa- 

weights and  measures  for  the  information  of  the  United  States  dele- 
gates to  the  International  American  Congress— by  T.  C.  Mendenhall, 
Superintendent  U.  S.  Coast  and  Geodetic  Survey,  and  of  Weights  and 
Measures. 

vo. 

Nov.  30 

1890. 

Jan.  15  

Verification  of  Weights  and  Measures— by  0.  H.  Tittmann,  Assistant. 
(One  plate.) 

[Coast  and  Geodetic  Survey  Bulletin,  No.  15, 1889  ] 

2. 

International  American  Conference.  Report  of  the  Committee  on 

7,  large  octa- 

Weights and  Measures,  as  adopted  by  the  Conference, 

vo. 

January 

U.  S.  Coast  and  Geodetic  Survey.  Office  of  Standard  Weights  and 
Measures.  T.  C.  Mendenhall,  Superintendant.  Tables  for  converting 
United  States  weights  and  measures,  metric  and  customary. 

2,  quarto. 

Appendix  No.  16. — 1890.  On  the  relation  of  the  yard  to  the  metre 

[Repnblication,  with  additions,  by  Assistant  O.  H.  Tittmann,  of  his 
paper  first  published  as  Bulletin  No.  15.] 

6,  quarto. 

Feb.  18 

Table  for  the  reduction  of  hydrometer  observations  of  salt-water  densi- 
ties. Prepared  for  publication  by  0.  H.  Tittmann,  Assistant. 

[Coast  and  Geodetic  Survey  Bulletin,  No.  18, 1890.] 

3,  quarto. 

May  6 

Appendix  No.  18.— 1890.  Historical  account  of  United  States  standards 
of  weights  and  measures,  customary  and  metric ; of  the  inception  and 
construction  of  the  National  Prototypes  of  the  metre  and  kilogramme  ; 
of  their  transportation  from  Paris  to  Washington;  of  their  official 
opening  and  certification,  and  of  their  deposit  in  the  Office  of  Weights 
and  Measures.  (One  illustration.)  Compiled  by  0.  H.  Tittmann,  As- 
sistant in  charge  of  the  Office  of  Standard  Weights  and  Measures. 

Brief  account  of  the  weights  and  measures  in  customary  use  in  the 
United  States,  with  the  legislation  relating  thereto ; customary  length 
measure;  customary  standard  of  weight;  capacity  measures;  weights 
and  measures  for  agricultural  colleges;  metric  standards;  coefficient  of 
expansion  of  the  metre  bars ; construction  of  the  kilogrammes ; report 
of  Dr.  B.  A.  Gould,  delegate  from  the  United  States  to  the  International 
Conference  of  Weights  and  Measures,  held  at  Paris.  September,  1889; 
prototypes  of  the  standard  metre  and  kilogramme  of  the  Bureau  Inter- 
national des  Poids  et  Mesures ; report  of  Assistant  George  Davidson  upon 
delivering  one  set  of  these  prototypes  to  Prof.  T.  C.  Mendenhall,  Super- 
intendent U.  S.  Coast  and  Geodetic  Survey,  and  of  Weights  and  Measures  ; 
cert.ficate  of  President  Benjamin  Harrison  in  relation  to  the  opening  of 
the  national  prototypes  of  the  metre  and  kilogramme;  report  of  As- 
sistant 0.  H.  Tittmann,  upon  the  transportation  of  national  prototype 
metre,  No.  21,  and  national  prototype  kilogramme,  No.  4,  from  Paris  to 
Washington  ; descriptions  and  certificates  of  these  prototypes. 

24,  quarto. 
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KEY  TO  INDEX. 


Geodesy : 

Base  lines  and  standards  of  length. 
Reconnaissance. 

Triangulation  and  instruments. 
Time. 

Latitude. 

Longitude. 

Azimuth. 

Arc  measures  and  local  deflection  of 
the  plumb  line. 

Gravity. 

Geographical  positions  and  projec- 
tions. 

Geographical  explorations. 
IIypsometry  : 

Spirit  leveling. 

Trigonometric  and  barometric 
heights. 


Surveying: 

Topography. 

Hydrography. 

Physical  hydrography: 

Tides,  currents,  winds,  and  shore- 
line changes  due  to  action  of  the 
sea. 

Gulf-stream  explorations. 

Deep-sea  soundings,  temperatures, 
and  densities. 

Surveys  aud  explorations  of  oyster 
beds. 

Terrestrial  magnetism. 

Astronomy. 

Mathematics. 

Drawing,  engraving,  and  electro- 
typing. 

Miscellaneous. 


GEODESY. 


BASE  LINES  AND  STANDARDS  OF  LENGTH. 


Year. 

Appen- 

dix. 

Pages. 

Subject  and  author. 

1854 

35 

103-108 

Base- measuring  apparatus,  description  of,  as  used  in  the  Coast  Survey.— 
Lieut.  E.  B.  Hunt,  U.  S.  Engineers.— [Sketch  54.] 

1855 

41 

264-267 

Preliminary  base  apparatus. — C.  0.  Boutelle. — [Sketch  53.] 

1856 

60 

308-310 

Subsidiary  base  apparatias. 

Description  of  a modification  devised  for  ascertaining  the  temperature  of 
rods  in  use.— [Sketch  64.] 

1857 

26 

302-305 

Epping  base,  Maine.— A.  D.  Bache. 

Notes  on  the  preparation  of  site,  measurement  of  line,  and  progress,  as 
compared  with  other  measurements  of  theCoast  Survey.— [Sketch  3.] 

1857 

45 

395-398 

Base  apparatus  for  measuring  subsidiary  lines;  description.— J.  E.  Hil- 
gard.— [Sketch  69.] 

1862 

26 

248-255 

Base-measuring  apparatus. — J.  E.  Hilgard. 

Results  of  experiments  for  determining  the  length  and  rate  of  expansion 
by  heat  of  the  six-metre  standard  bar,  with  table  of  comparisons  of 
standard  bar  with  six  metres.— [Sketch  49.] 
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BASE  LINES  AND  STANDARDS  OE  LENGTH-Con tinned. 


Year. 


Subject  and  author. 


1864 


120-144 


1865 


21 


187-203 


1866 


1866 

1867' 


49-54 


140 

134-137 


133-139 

105-112 


1873 


12 


123-131 


1873 


12 


132-136 


136 


Epping  base  line.— C.  A.  Schott. 

Report  on  the  method  of  computation  and  resulting  connection  with  the 
primary  triangulation. — (1)  General  remarks  on  the  method  of  reduc- 
tion; (2)  instruments  and  methods  of  horizontal  measures  employed 
in  the  triangulation  near  the  Epping  base;  (3)  determination  of  prob- 
able error  and  weight  to  each  direction  observed  with  the  30-inch 
theodolite;  station  Howard;  abstract  of  remaining  differences;  ab- 
stract of  remaining  errors;  table  ; (4)  determination  of  probable  error 
and  weight  to  each  angle  and  direction  from  observations  with  a 
repeating  circle  ; (5)  resulting  horizontal  angles  from  the  observations 
at  each  station,  with  their  probable  error;  (6)  effects  upon  the  hori- 
zontal angles  of  a difference  of  level  between  the  stations  occupied 
and  observed  upon ; (7)  spherical  excess  of  triangles  ; (8)  residuals  in 
the  sum  of  angles  of  each  triangle,  and  their  discussion  ; (9)  final  de- 
termination of  probable  errors  (and  weights)  to  each  direction ; (10) 
relative  value  of  results  from  the  30  inch  and  the  10-inch  repeating 
theodolites;  (11)  formation  of  the  conditional  equation  of  the  nonagou 
around  the  Epping  base;  (12)  equation  of  correlatives  and  normal 
equations;  (13)  resulting  correction  to  the  observed  directions  ; (14) 
complete  adjustment  of  the  nonagon  and  final  directions  ; (15)  triangle 
sicle  computations ; (16)  resulting  distances  from  Mount  Desert  to 
Humpback;  (17)  connection  of  the  azimuth  mark  with  the  adjusted 
directions.  — | Errata,  143  : 1866,  p.  141.  ] 

Results  of  the  primary  triangulation  of  the  coast  of  New  England,  from  the 
northeastern  boundary  to  the  vicinity  of  New  York  ; length  and  accu- 
racy of  the  Fire  Island  base  line;  length  and  accuracy  of  the  Massa- 
chusetts base  line;  length  and  accuracy  of  Epping  base  line;  geo- 
detic connection  of  the  three  primary  base  lines  in  Maine,  Massachu- 
setts, and  New  York  ; their  degree  of  accordance  and  resulting  accu- 
racy of  the  primary  triangulation  intervening;  resulting  angles  and 
distances  of  the  primary  triangulation  between  the  Epping,  Massa- 
chusetts, and  Fire  Island  base  lines. — [Errata,  198:  1866,  p.  141.] 

Primary  triangulation  of  the  Atlantic  coast.— C.  A.  Schott. 

Geodetic  connection  of  the  two  primary  base  lines  in  New  York  and  Mary- 
land, their  degree  of  accordance  and  accuracy  of  the  primary  triau- 
gulation  in  terveniug,  with  the  resulting  angles  and  distances  as  finally 
adjusted.  _ 

Length  of  the  Kent  Island  base  line. — [Supplement  to  C.  A.  Schott’s  report 
on  primary  triangulation  of  the  same  year.] 

Comparison  of  metres.—  F.  A.  P.  Barnard  and  H.  Tresca. 

Comparison  of  an  iron  metre  forwarded  to  France  by  the  Government  of 
the  United  States  of  America  ; Table  I,  the  United  States  metre  upon 
the  comparator ; II,  the  Conservatoire  standard  upon  the  comparator ; 
III,  the  United  States  metre  upon  the  comparator;  IY,  results. 

Full  explanation  of  the  different  successive  operations  connected  with  the 
measurement  of  a subsidiary  base  line. 

Connection  of  the  primary  base  lines  on  Kent  Island,  Md.,  and  on  Craney 
Island,  Va.,  and  on  the  degree  of  accuracy  of  the  intervening  primary 
and  subprimary  triangulations. — C.  A.  Schott. 

Statistics  of  conditions;  linear  discrepancies  in  the  base  lines  ; degree  of 
accuracy;  final  correction  of  directions;  adjustment  of  the  subpri- 
mary stations  ; Cape  Charles  Light  and  North  end  of  measurement ; 
adjustment  of  the  secondary  station,  Hampton  Seminary;  table  of 
Atlantic  series  of  primary  triangles  continued. 

Peach  Tree  Ridge  base,  near  Atlanta,  Ga. — C.  A.  Schott. 

Measurement  of  line  in  1872,  1873,  by  C.  O.  Boutelle  (Sketch  No.  18) ; condi- 
dition  of  the  apparatus ; comparison  of  the  tubes ; synopsis  of  results ; 
table  of  horizontal  distances  measured  between  temporary  marks 
near  the  monuments  in  each  of  the  three  measures;  corrected  dis- 
tances; discrepancies  in  the  three  measures;  heights  above  mean 
half  tide;  probable  error  of  computed  length;  comparison  with  the 
accuracy  of  other  base  lines. 

Description  of  the  compensation  base  apparatus  of  the  United  States  Coast 
Survey. — E.  B.  Hunt. 

(Reprinted  from  Appendix  No.  35,  Coast  Survey  Report  of  1854.) 

Supplement. — The  “Borda  thermometer”  attachment. 
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Tear. 


A 


1876 


ppen- 

dix. 


Pages. 


Subject  and  author. 


22 


402-406 


The  relations  of  the  lawful  standards  of  measure  of  the  United  States  to 
those  of  Great  Britain  and  France. — J.  E.  Hilgard. 

Measures  of  weight,  of  capacity,  of  length  ; relation  of  yard  to  metres. 
Annex  I.  An  act  to  authorize  the  use  of  the  metric  system  of  weights 
and  measures;  measures  of  length,  of  surface,  of  capacity,  weights. 
Annex  II.  Comparison  of  yards  and  metres. 


1877 


12 


148-181 


1880 

17 

341-344 

1881 

12 

354-356 

1881 

13 

357-358 

1882 

7 

107-138 

1882 

8 

139-149 

1883 

11 

273-288 

1889 

6 

179-197 

Comparison  of  American  and  British  standard  yards. — J.  E.  Hilgard. 

(1)  Relation  of  the  lawful  standards  of  measure  of  the  United  States  to 
those  of  Great  Britain  and  France;  measures  of  weight,  capacity, 
length;  relation  of  yard  to  metre;  annex  I,  Resolution  of  Congress 
providing  for  the  distribution  of  weights  and  measures;  II,  An  act  to 
authorize  the  use  of  the  metric  system  of  weights  and  measures, 
measures  of  length,  surface,  capacity,  weights;  annex  III,  compari- 
son of  yards  and  metres;  (2)  description  of  the  Troughton  86-inch 
scale;  (3j  description  of  British  standard  yards,  bronze  No.  11,  and 
iron  No.  57. 

Coefficient  of  expansion  of  the  British  standard  yard  bar,  bronze  No.  11; 
being  a new  discussion  of  the  experiments  of  Sheepshanks  and 
Clarke. — By  J.  Homer  Lane. 

The  relative  expansion  of  bronze  12,  and  Low  Moor  iron ; for  absolute  ex- 
pansion of  bronze  12  and  brass  2;  equations  of  condition;  recapitula- 
tion; addendum  by  O.  H.  Tittmann;  (5)  relative  lengths  of  bronze 
yard  No.  11  and  iron  yard  No.  57 ; experimental  comparisons  on  the 
dividing  machine;  comparison  on  line  and  end  comparator;  on  the 
beam  compass  comparator;  comparisons  of  British  bronze  yard  No.  11 
with  the  Imperial  yard  and  other  standards  of  Great  Britain ; (1 ) com- 
parisons with  standards  of  the  Dominion  of  Canada;  abstract  of  com- 
parisons between  No.  11  and  No.  16;  between  No.  11  and  Dominion 
Standard  A;  between  Dominion  Standard  A and  No.  16;  comparisons 
with  the  Imperial  yard  and  other  standards- of  the  Standard  Office, 
Westminster,  London;  rates  of  expansion;  results  of  comparison  of 
bronze  No.  11  (U.  S.)  with  bronze  No.  1 (Imperial  yard) ; of  No.  1 1 with 
bronze  No.  6 (Generator);  of  No.  11  with  cast  iron  B and  C;  tabula- 
tion of  results  of  comparison  between  No.  11  and  foreign  standards; 
(7)  comparison  of  the  Troughton  scale  with  the  British  bronze 
standard  No.  11;  (8)  concluding  statement. 

Base  apparatus. — J.  E.  Hilgard. 

An  account  of  a perfected  form  of  the  contact  slide  base  apparatus  used 
in  the  Coast  and  Geodetic  Survey.— [Sketch  82,  Figs.  1 to  8.] 

On  the  length  of  a nautical  mile.— By  J.  E.  Hilgard,  Superintendent  Coast 
and  Geodetic  Survey. 

On  a method  of  readily  transferring  the  underground  mark  at  a base 
monument.— By  O.  H.  Tittmann,  Assistant. 

Description  and  construction  of  a new  compensation  base  apparatus,  with  a 
determination  of  the  length  of  two  5-metre  standard  bars. — By  C. 
A;  Schott,  Assistant. 

Report  of  the  measurement  of  the  Yolo  base,  Cal.— George  Davidson, 
Assistant. 

Results  for  the  length  of  the  primary  base  line  in  Yolo  County,  Cal.  Measure- 
ment in  1881  by  George  Davidson,  Assistant.  Computation  and  dis- 
cussion of  results  by  Charles  A.  Schott,  Assistant. 

Relation  between  the  metric  standards  of  length  of  the  U.  S.  Coast  and 
Geodetic  Survey  and  the  U.  S.Lake  Survey.— By  C.  A.  Schott  and  O. 
H.  Tittmann,  Assistants. 

Introduction ; the  Committee  metre ; the  Repsold  metre  of  1876 ; the  Berlin 
metre  No.  49,  special  use  of;  the  Toise  du  Perou;  reasons  for  present- 
ing results  of  comparisons;  comparison  of  the  Repsold  metre  of  1876 
(R.  M.),  U.  S.Lake  Survey,  and  the  Committee  metre  (C.  M.),  U.  S' 
Coast  and  Geodetic  Survey;  description  of  the  optical  beam  compass 
comparator;  micrometers;  micrometer  values ; illumination ; ther- 
mometers; comparison  of  line  and  end  metres  ; special  device  used 
with  C.  M. ; two  plates  illustrating  same;  places  of  observation; 
general  adjustments;  discussion  of  results;  comparison  of  the  coeffi- 
cients of  expansion  of  the  iron  Committee  metre  (C.  M.)  and  of  the 
Repsold  steel  metre  (R.  M.) ; comparison  of  the  Repsold  metre  of  1876 
(or  R.  M.)  with  the  Berlin  metre  No.  49  (or  B.  M.) ; recapitulation  of 
resulting  normal  differences  R.  M.  — B.  M. ; comparison  of  values  for 
coefficient  of  expansion  of  the  Berlin  brass  metre  No.  40  (or  B.  M.); 
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1889 


10 


165-173 


217-231 


1889 

1889 

1889 


17 


45-50 


157-159 


479-491 


1890 


16 


715-720 


relation  of  the  Committee  metre  to  the  Metre  des  Archives  and  to  the 
new  International  Prototype  metre.  Abstract  of  Record  of  Compari- 
sons: A.— Record  of  comparisons  between  the  Committee  metre 
(C  M.)  and  the  Repsold  metre  (R.  M.).  B.— Record  of  comparisons 
between  the  Berlin  metre  (B.  M.)  and  the  Repsold  metre  (R.  M.); 
abstract  of  comparisons  between  C.  M.  and  R.  M. ; abstracts  of  results 
of  comparisons  between  C.  M.  and  R.  M. ; tiual  abstract  R.  M.  — C. 
M. ; abstract  of  results  of  camparisons  between  B.  M.  (No.  49)  and 

R.  M. 

Bulletin  No.  17.  The  relation  between  the  metric  standards  of  length  of  the 
U.  S.  Coast  and  Geodetic  Survey  and  the  U.  S.  Lake  Survey.  A 
report  by  C.  A.  Schott  and  O.  H.  Tittmann,  Assistants,  Coast  and 
Geodetic  Survey. 

Report  on  the  measurement  of  the  Los  Angeles  base  line,  Los  Angeles  and 
Orange  counties,  Cal.,  by  George  Davidson,  Assistant. 

Previous  base  measurements  at  Los  Angeles  ; search  for  base  monuments ; 
desirability  of  ucw  baso  measurements ; reconnoissance  and  examina- 
tion for  base-line  site;  preparations  for  the  measurement;  general 
location  of  the  Los  Angeles  base  line ; final  location  of  the  line  ; 
building  the  base  piers ; marking  the  base  stations ; the  reference 
or  witness  marks  for  the  southeast  base  station;  the  base  line  lev- 
eled and  preliminarily  measured  with  100  metre  wire  ; half-kilometre 
marks  and  temporary  marks  on  the  base  line ; the  movable  cover  for 
the  base  apparatus ; the  organization  and  movement  of  the  party 
foot  plates  of  the  trestles ; comparisons  of  the  base  bars  Nos.  1 and  2 
and  the  field  standard  No.  2 ; comparisons  during  the  base  measure 
ment ; placing  the  forward  bar  in  position ; moving  the  bars  into  line 
measure  tbr  fractional  bars ; the  alignment  of  the  bars  ; the  compara 
tors ; the  operation  of  a day’s  measurement ; the  rate  of  measure- 
ment of  the  base  ; tabulation  of  daily  work ; first  measurement  Los 
Angeles  base  line  ; second  measurement  Los  Angeles  base  line ; thiid 
measurement  Los  Angelos  base  line ; summary  of  the  statistics  of 
the  three  measurements  of  the  Los  Angeles  base  line ; exhibit  of 
the  thii  d measurement  by  days.  Illustrations  : No.  20,  Markings  of 
ends  of  primary  base  lino,  Los  Angeles,  Cal  ; No.  21,  Map  showing 
the  general  location  of  the  Los  Angeles  base  lino  and  its  connection 
with  the  main  triangulation;  No.  22,  Profile  of  the  Los  Angeles  base 
line ; No.  23,  Los  Angeles  base  line,  sketch  showing  movement  of 
party. 

Bulletin  No.  9,  on  the  relation  of  the  yard  to  the  metre.— By  O.  H.  Tittmann, 
Assistant. 

Bulletin  No.  15,  Verification  of  weights  and  measures. — By  O.  H.  Tittmann, 
Assistant.  (One  illustration.) 

Report  on  the  resulting  length  and  probable  uncertainty  of  five  principal 
base  liues,  measured  with  the  Bache- Wiirdemaun  compensation  base 
apparatus  between  1847  and  1855. — By  Charles  A.  Schott,  Assistant. 

Introductory  remarks : Part  I — Resulting  length  and  probable  uncertainty 
of  the  base  line  measured  on  Dauphine  Island,  Alabama,  in  1847  -by 
A.  D.  Bache,  Superintendent  U.  S.  Coast  Survey ; Part  II— Resulting 
length  and  probable  uncertainty  of  the  base  line  measured  on  Bodies 
Islaud,  North  Carolina,  in  1848— by  A.  D.  Bache,  Superintendent  U. 

S.  Coast  Survey;  Part  III — Resulting  length  and  probable  un- 
certainty of  the  base  line  measured  on  Edisto  Island,  South  Carolina, 
in  1850— by  A.  D.  Bache,  Superintendent  U.  S.  Coast  Survey ; Part 
IV — Resulting  length  and  probable  uncertainty  of  the  base  line 
measured  on  Key  Biscayne,  Cape  Florida,  in  1855 — by  A.  D.  Bache, 
Superintendent  tj.  S.  Coast  Survey ; Part  V — Resulting  length  and 
probable  uncertainty  of  the  base  line  measured  at  Cape  Sable, Florida, 
in  1855— by  A.  D.  Bache,  Superintendent  U.  S.  Coast  Survey. 

On  the  relation  of  the  yard  to  the  metre.— By  O.  H.  Tittmann,  Assistant. 

Note. — This  paper  is  a second  edition  of  Bulletin  No.  9,  revised  by  the 
author,  with  statement  of  later  comparisons,  confirming  his  results. 
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1850 

23 

106-110 

Extract  from  the  report  of  Assistant  F.  H.  Gcrdes  to  the  Superintendent 
on  the  reconnaissance  of  the  Florida  Keys,  etc. 

1850 

31 

119-120 

Report  accompanying  a reconnaissance  chart  of  the  western  coast  of  the 
United  States,  from  Monterey,  Cal.,  to  the  Columbia  River,  Oregon. — 
By  Lieut.  Commanding,  W.  P.  McArthur,  U.  S.N.,  Assistant. 

1851 

31 

488-494 

Florida  coast  reconnaissance.— F.  H.  Gerdes. 

A,  description ; B,  survey ; C,  tides  and  currents ; D,  railroad  across  the 
peninsula;  E,  lighthouses  and  buoys;  F,  general  remarks  on  Cedar 
Keys  Harbor.— [Sketches  27,  28,  and  29.] 

1852 

12 

87-94 

Extracts  from  the  report  of  Assistant  F.  H.  Gerdes  on  a reconnaissance 
from  Suwannee  River,  Florida,  to  Delta  of  Mississippi. 

1852 

18 

104-107 

Report  of  Lieut.  Commander  James  Alden,  U.  S.  N.,  on  the  reconnaissance 
from  San  Francisco  to  San  Diego,  including  Santa  Barbara  Islands 
and  channel. 

1854 

20 

28-30 

Extracts  from  the  report  of  F.  H.  Gerdes  on  the  reconnaissance  of  the 
coast  of  Louisiana  in  1854  (Mississippi  Delta). 

1854 

21 

30-31 

Extracts  from  a report  by  W.  E.  Greenwell  on  the  general  features  and 
peculiarities  of  the  coast  of  Lower  Texas,  with  suggestions  in  regard 
to  facilities  for  navigation,  from  the  harbor  of  the  Brazos  de  San- 
tiago to  the  mouth  of  the  Rio  Grande. 

1855 

25 

171-176 

Florida  Keys. 

Survey  for  the  General  Land  Office,  including  reports  on  the  general  topog- 
raphy and  triangulation,  on  the  determination  of  the  shore-line,  and 
reconnaissance  of  Barnes’  Sound,  Florida. 

1856 

52 

286-289 

Report  of  the  Superintendent  to  the  Commissioner  of  the  General  Land 
Office  on  progress  made  in  the  survey  and  marking  in  quarter  sec- 
tions. 

1857 

41 

379-382 

Florida  Peninsula  air-line. 

Report  of  a reconnaissance  made  between  Fernandina  and  Cedar  Keys. 

By  Capt.  J.  H.  Simpson,  United  States  Topographical  Engineers.’ 

1857 

42 

382-390 

Florida  Keys. 

Superintendent’s  report  to  Commissioner  of  General  Land  Office  on  prog- 
ress made  in  survey  and  marking  of  the  keys. 

1857 

41 

390-391 

Coast  of  Santa  Barbara  Channel. 

Report  of  Subassistant  W.  M.  Johnson  on  its  topographical  character- 
istics. 

4857 

44 

392-395 

Santa  Barbara  Islands  and  main. 

Report  on  the  character  and  progress  of  the  work. — W.  E.  Greenwell. 

1858 

34 

224 

Eastern  coast  of  Florida,  south  of  St.  John’s  River. 

Report  of  Subassistant  J.  Meehan  on  local  characteristics. 

1858 

35 

225-227 

Florida  Keys. 

Superintendent’s  report  to  Commissioner  of  General  Land  Office  on  prog- 
ress made  in  surveying  and  marking  of  the  keys— Continued. 

1859 

32 

324-328 

Coast  of  Texas,  embracing  the  shores  of  Espiritu  Santo,  San  Antonio,  and 
Aransas  Bays. 

Report  on  a reconnaissance.— S.  A.  Gilbert. 

1860 

34 

356-357 

Corpus  Christi  Bay  and  Laguna  Madre,  Texas. 

General  description  and  characteristics.— S.  A.  Gilbert. 

1861 

29 

263-264 

Coast  of  Texas  above  Galveston  Bay. 

Extracts  from  a descriptive  report.— Capt.  George  Bell,  U.  S.  A. 

1873 

11 

111-122 

Geographical  and  hydrographical  explorations  on  the  coast  of  Alaska.— 
W.  H.  Dali. 

[Sketch  No.  17.]  Islands  of  Attu,  Bouldyr,  Kyska,  Arnchitka,  Adakh 
Atka,  Amlia,  Four  Craters,  Agashagok,  Unalashka.  Sannakh  Reefs  ; 
Popoff  Strait;  current  observations;  azimuths;  positions  and  mag- 
netic declinations,  Tables  1 to  16;  thermometer,  mean  for  1873;  sur- 
face of  sea  water;  13  fathoms  below  surface-current  observations 
made  bn  board  the  Yukon  during  the  voyage  from  San  Francisco  to 
Unalashka,  May,  1873 ; heights  of  mountains  determined  in  1873- 
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1885 

10 

469-481 

On  Geodetic  Reconnaissance. — By  C.  0.  Boutelle,  Assistant. 

Primary  triangulation  and  base  lines;  reconnaissance  for  stations  of  a 
primary  triangulation  ; tables  of  values  of  curvature  and  refraction ; 
three-point  problem ; two-point  problem ; computation  of  linear  co- 
ordinates ; selection  of  stations  for  secondary  and  tertiary  triangula- 
tions.- [Illustrations  27,  28.  J 

TRIANGULATION  AND  INSTRUMENTS. 


1855 

57 

361-363 

Boutelle’s  tripod  and  scaffold. — C.  O.  Boutelle. 

Description  of,  as  constructed  and  used  by  him  at  the  stations  of  the 
primary  triangulation  in  Section  Y. — [Sketch  52.] 

1855 

58 

363-364 

Farley’s  signal. — J.  Farley. 

Description  and  drawing  of  a convenient  signal  for  observing  on  secondary 
stations  — [Sketch  52.] 

1855 

59 

364 

Sands’s  heliotrope.— B.  F.  Sands. 

Description  and  drawing  of  a convenient  signal  for  observing  on  secondary 
stations. — [Sketch  55.] 

1856 

56 

291-292 

Mississippi  Sound.— J.  E.  Hilgard. 

Details  of  the  work  of  triangulation;  signals  and  station  marks. 

1856 

61 

310-315 

Theodolite  test.  - J.  E.  Hilgard. 

Examination  and  trials  made  of  a 10-inch  theodolite,  applicable  to  the  test- 
ing of  instruments  of  like  construction. — Table  I,  readings  of  every 
10°  on  the  circle,  and  determination  of  angular  distance  of  verniers; 
II,  determination  of  eccentricity ; III,  residual  errors  of  graduation 
and  readings  ; figure  of  pivots. 

1860 

35 

357-361 

Repeating  theodolite. 

Supplement  to  the  method  of  testing  (described  in  the  preceding  paper.)— 
Table  I,  readings  of  every  10°  on  the  circle,  and  determination  of 
angular  distance  of  verniers;  II,  determination  of  eccentricity ; III, 
residual  errors  of  graduation  and  readings. 

1867 

9 

140-144 

Railways,  on  the  use  of,  for  geodetic  surveys.— J.  E.  Hilgard. 

Wheel  records;  linear  measurement;  rectification  of  curves;  reduction 
of  the  measured  lines  and  angles  to  a simpler  system.— [Sketch  26.] 

1867 

10 

145 

Reflector.— J.  E.  Hilgard. 

Description  of  a new  form  of  geodetic  signals.— [Sketch  26.] 

1868 

7 

109-139 

Memoranda  relating  to  the  field  work  of  a secondary  triangulation. — 
R.  D.  Cutts. 

Selection  of  stations;  names  of  stations;  signals;  tripods  and  scaffolds; 
underground  station  marks;  surface  station  marks;  observations 
and  records;  number  of  observations;  limit  of  error;  probable 
error;  reduction  to  center;  correction  for  phase;  correction  for 
eccentricity;  spherical  excess;  distribution  of  error ; trigonometrical 
leveling ; coefficient  of  refraction ; three-point  problem ; rectangular 
co-ordinates;  measurements  of  subsidiary  baselines;  records,  dupli- 
cates, and  computations. 

1868 

8 

140-146 

Method  of  adjustment  of  the  secondary  triangulation  of  Long  Island  Sound.— 
C.  A.  Schott. 

Example  of  reduction  of  angular  measure  of  Shelter  Island ; final  compu- 
tation and  proof  of  correctness. 

1871 

15 

185-188 

Adaptation  of  triangulations  to  the  various  conditions  of  configuration  and 
character  of  the  surface  of  country  and  other  causes.— C.  A.  Schott. 

1873 

13 

137 

Intervisibility  of  stations. — J.  E.  Hilgard. 

1874 

15 

153 

Improved  clamp  for  telescope  of  the  theodolite.— George  Davidson. 

1875 

17 

279-292 

Method  of  closing  a circuit  of  triangulation  under  certain  conditions. — 
C.  A.  Schott,  M.  A.  Doolittle.  Illustrations. 

1876 

20 

391-399 

Adaptation  of  triangulations  to  various  conditions  depending  on  the  con- 
figuration or  orthographic  character  of  a country,  and  on  the  degree 
of  accuracy  aimed  at,  with  due  consideration  of  the  time  and  means 
available;  also  notes  on  the  method  of  observing  horizontal  angles 
and  directions  in  geodetic  surveys — C.  A.  Schott. 

[Reprinted,  with  additions,  from  Report  for  1871,  Appendix  No.  15.] 
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1877 
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Subject  and  author. 


114-147 


1877 

1877 

1878 


1880 


1882 

1882 

1884 


1884 


182 


45 


92-118 


10 


96-109 


151-197 

199-208 


377-385 


387-390 


441-467 


An  examination  of  three  new  20-inch  theodolites — J.  E.  Hilgard. 

Examination  of  No.  113  : of  Nos.  114  and  115;  subdivisions  on  limb  of  No. 
114;  of  No.  115;  examplo  of  record ; graphic  projection  of  e sin 
(r  — p) ; examination  of  limb  of  No.  114  ; Tables  I,  II,  III  (first  set) ; 
Tables  I.  II,  I II  (second  set) ; Tables  I,  II,  III  (third  set) ; residual 
errors  of  graduation  and  reading;  examination  of  limb  of  No.  113; 
Tables  r,  II,  III  (first  set) ; Tables  I,  II,  III  (second  set) ; Tables  I, 
II,  III  (third  set) ; residual  errors  of  graduation  and  reading;  exam- 
ination of  limb  of  No.  115 ; Tables  I,  II,  III  (first  set) : Tables  I,  II, 
Iir  (second  set) ; Tables  I,  II,  III  (third  set) ; residual  errors  of 
graduation  and  reading  ; examination  of  limbs  of  20-inch  theodolites 
with  reference  to  periodicity  of  errors  within  5°  ; specimen  of  record 
(No.  114) ; mean  value  of  5'  spaces  ; of  degrees. 

Improved  open  vertical  clamp  for  telescopes  of  theodolites  and  meridian  in- 
struments.—George  Davidson. 

Field  work  of  the  triangulation. — By  R.  D.  Cutts,  Assistant. 

[Reprinted,  with  additions,  from  the  Coast  Survey  Report  for  1868.] 

Primary  triangulation  between  the  Maryland  and  Georgia  base  lines. — 
C.  A.  Schott. 

Arrangement  of  errors  in  closing  triangles,  in  tabular  form;  average  prob- 
ableerror.  Paper  1.  Adjusted  primary  triangles  between  Kent  Island, 
Maryland,  and  Atlanta,  Ga. ; (2)  estimation  of  the  probable  accu- 
racy of  a triangulation  or  approximate  determination  of  the  average 
probable  error  of  the  adjusted  differences;  (3)  paper  by  M.  H. 
Doolittle;  I,  general  method  of  solution  of  normal  equations;  II, 
addition  of  new  equations ; III,  order  of  solution;  IY,  selection  of 
angle  equations;  V,  treatment  of  small  angles;  example. 

Geodetic  night  signals. — C.  O.  Boutelle. 

Considerations;  different  kinds  of  lights;  conditions  of  the  problem;  ex- 
periments in  North  and  South  Carolina;  operations  at  Sugar  Loaf 
Mountain  in  1879;  method  of  observing;  comparison  of  day  and 
night  observations;  additional  expense  in  using  night  signals;  off- 
sets to  the  expense  ; conclusions ; sketches  Nos.  36,  37. 

Field  work  of  the  triangulation,  third  edition. — R.  D.  Cutts,  Assistant. 

On  the  construction  of  observing  tripods  and  Scaffolds. — C.  O.  Boutelle, 
Assistant. 

The  run  of  the  micromotor. — By  George  Davidson,  Assistant. 

Explanation  of  the  expression  in  reference  to  an  astronomical  or  geodotic 
instrument;  conditions  when  a micrometer  has  and  when  it  has  not 
a run ; discussion  of  forraulfe  for  the  determination  of  run,  with  ex- 
amples ; tabulation  of  the  micrometer  runs  observed  at  station  North- 
west Yolo  Base;  tables  of  the  corrections  for  the  “run  of  micro- 
scope micrometers.” 

Connection  at  Lake  Ontario  of  the  primary  triangulation  of  the  Coast  and 
Geodetic  Survey  with  that  of  the  Lake  Survey.— Observations  by 
Charles  O.  Boutelle,  Assistant.  Discussion  by  Charles  A.  Schott, 
Assistant. 

Probable  errors  of  the  horizontal  directions  of  the  Coast  and  Geodetic 
Survey;  summary  of  resulting  directions  at  Mount  Hamilton;  dif- 
ferences in  the  linear  values  of  the  lines  Sodus-Oswego,  Victory -Os- 
wego, and  Clyde-Victory;  differences  in  the  longitudes  and  latitudes 
of  the  stations  Sodus  and  Oswego,  and  differences  in  the  azimuth  of 
the  line  Sodus  to  Oswego,  as  determined  by  the  Coast  and  Geodetic 
Survey  and  the  Lake  Survey ; comparisons  of  the  mean  error  of  an 
angle  as  determined  by  each  survey ; junction  in  Illinois  of  the  Coast 
and  Geodetic  Survey ; transcontinental  triangulation  (through  Assist- 
ant Fairfield’s  field’computation)  and  the  Lake  Survey  arc  of  the  me- 
ridian, vicinity  of  the  Olney  base.— [Illustration  20.] 

Results  deduced  from  the  geodetic  connection  of  the  Yolo  base  line  with  the 
primary  triangulalion  of  California ; also  a reduction  and  adjustment 
of  the  Davidson  quadrilaterals,  forming  part  of  that  trigngulation.— 
By  Charles  A.  Schott,  Assistant. 

Prefatory  note ; sketch  of  Yolo  base  connections;  description  of  instru- 
ments used  and  method  of  observation ; abstract  of  the  horizontal 
directions  resulting  from  the  local  adjustment  at  each  of  the  stations 
composing  the  Yolo  base  net  of  triangulation;  determination  of 
weights  to  directions  in  the  adjustment  of  the  triangulation ; table 
of  closing  errors  of  the  triangles  forming  the  Yolo  base  figure,  ar- 
ranged in  the  order  of  the  size  of  the  triangles  with  the  probable  error 
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of  a direction ; adjustment  of  a triangulation  net  or  of  conditioned 
observations;  application  to  the  adjustment  of  the  Yolo  base  net; 
correlative  equations;  normal  equations  Yolo  base  net  with  solu- 
tions; determination  of  the  probable  error  of  the  adjusted  length  of 
the  primary  side.  Mouqt  Helena  to  Mount  Diablo  ; triangle  side  com- 
putation; formulae  for  the  computation  of  geodetic  latitudes,  longi- 
tudes, and  azimuths  sufficiently  precise  for  sides  of  the  largest  trian- 
gles that  may  be  directly  measured ; determination  of  standard 
geodet  c data  for  the  computation  of  geographical  positions  ; geodetic 
or  standard  latitude  of  Mount  Helena,  and  geodetic  or  standard  azi- 
muth of  direction,  Mount  Helena  to  Mount  Diablo,  for  the  Davidson 
quadrilaterals,  geodetic  results  of  the  Davidson  quadrilaterals,  intro- 
ducing the  Yolo  base  into  the  primary  triangulation  of  California. 

TIME. 


1854 

39 

121 

Discussion  of  probable  error  of  observation  with  a Wiirdetnann  26  inch  port- 
able transit;  from  observations  by  G.  Davidson  in  1853.  [Report  of 
1866,  Sketch  29.]— J.  E.  Hilgard. 

1865 

15 

152-154 

Report,  with  tables,  on  the  declinations  and  proper  motions  in  declination  of 
standard  time  stars. — B.  A.  Gould. 

1865 

16 

155-159 

Report,  with  tables,  of  the  positions  and  proper  motions  of  the  four  polar 
stars.— B.  A.  Gould. 

1866 

9 

55-71 

The  transit  instrument,  description,  use,  adjustment,  and  method  of  observa- 
tion.—C.  A.  Schott. 

1867 

8 

138-139 

New  meridian  instrument  for  time,  latitude,  and  azimuth. — George  David- 
son.—[Sketch  28.] 

1868 

10 

154-157 

Addenda  to  Appendix  No.  9,  Coast  Survey  Report  for  1866,  on  the  determina- 
tion of  time  by  means  of  the  transit  instrument. — C.  A.  Schott. 

1869 

12 

226-232 

On  the  use  of  the  zenith  telescope  for  observations  of  time,  with  an  example 
of  observation. — J.  E.  Hilgard. 

1872 

12 

222-226 

Determination  of  weights  to  be  given  to  observations  for  determining  time 
with  portable  transit  instrument,  recorded  by  the  chronographic 
method. — C.  A.  Schott. 

Relative  weights  to  transits  depending  on  the  star’s  declination  ; relative 
weights  to  incomplete  transit  observations;  reduction  of  observa- 
tions for  time. 

1872 

18 

266 

Improvement  on  the  Hipp  chronograph. — William  Eimbeck. 

1874 

17 

156-159 

Two  forms  of  portable  personal  equation  apparatus. — -T.  E.  Hilgard. 
Examples  of  observations;  observations  for  absolute  personal  equation; 
diagrams. 

1874 

32 

Field  catalogue  of  983  stars,  for  time  observations;  mean  places  for  1870. — 
George  Davidson. 

1874 

69 

Star  factors  A,  B,  and  C,  for  reducing  transit  observations.— George  Da- 
vidson. 

1875 

15 

249-250 

Description  of  an  apparatus  for  recording  the  mean  of  the  times  of  a set  of 
observations.  (Diagram.) — C.  S.  Peirce. 

1877 

13 

182, 183 

Improved  open  vertical  champ  for  telescopes  of  theodolites  and  meridian 
instruments.— George  Davidson. 

1879 

7 

103-109 

Description  of  the  Davidson  meridian  instrument.— George  Davidson. 
See  Appendix  No.  8,  report  of  1867,  for  first  printed  description. 

1880 

14 

205-227 

Determination  of  time  by  means  of  the  transit  instrument.  (Four  plates.) — 
C.  A.  Schott. 

General  remarks ; description;  adjustment;  method  of  observation  ; equa- 
torial intervals  of  threads;  incomplete  transits ; corrections  for  rate 
of  chronometer,  for  inclination,  for  inequality  of  pivots,  for  collima- 
tion,  for  deviation,  for  diurnal  aberration;  personal  equation;  chro- 
nometer correction  ; reduction  of  observations  by  least  squares ; prob- 
able error;  example;  weights:  preparation  for  observing  transits; 
example  of  record  and  computation  of  inequality  of  pivots  ; specimen 
of  record  for  value  of  level  by  level-trier;  tabulation  of  factors;  table 
1 of  factors  for  reduction  of  transit  observations. 
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1883 

18 

383-472 

Field  catalogue  of  1278  time  and  circumpolar  stars;  mean  places  for  1885'0.- • 
By  George  Davidson,  Assistant. 

1885 

15 

503-508 

Note  on  a device  for  abbreviating  time  reductions. — By  C.  S.  Peirce, 
Assistant. 

1889 

9 

213-216 

Description  of  two  new  portable  transits  for  longitude  work. — By  Edwin 
Smith,  Assistant.  One  illustration.  (Published  also  as  Bulletin 
No,  10.) 

LATITUDE. 

1852 

16 

Notes  on  the  use  of  the  zenith  telescope  in  determining  latitudes  in  the 
Coast  ^Survey  by  Talcott’s  method,  and  on  flhe  reduction  of  the  obser- 
vations, by  A.  D.  Bache,  Superintendent  U.  S.  Coast  Survey.  (From 
the  American  Journal  of  Science  and  Arts,  Yol.  XIV,  second  series, 
New  Haven,  1852.) 

1855 

44 

276-278 

Description  of  ‘Wiirdemann’s  zenith  telescope  of  1855,  used  at  Dixmont,  Me. 
— G.  W.  Dean. 

1857 

- 31 

324-334 

Latitude. — On  the  method  of  determination  with  the  zenith  telescope. — C.  A. 
Schott. 

Principleof  the  method;  determination  of  value  of  micrometer — examples ; 
determination  of  value  of  level— example  ; correction  for  refraction- 
example;  reduction  to  meridian— tables;  selection  of  stars:  sources 
of  error  in  the  determination  of  the  value  of  micrometer;  method  of 
correcting  value  from  the  latitude  observations  themselves;  discus- 
sion of  the  results  of  observation— example. 

1858 

20 

184-186 

Personal  equation. — A.  D.  Bache. 

On  the  use  of  the  zenith  telescope  for  determining  latitude  by  Talcott’s 
method — table  showing  results  of  observations  for  personal  equation. 

18G5 

17 

160-1G5 

Report  on  the  latitude  of  Cloverden  station  in  Cambridge — B.  A.  Gouhl. 

Micrometer  values:  reduction  of  star  observations— tables;  discrepancies 
with  uncorrected  catalogue  places — table;  resultant  mean  places  of 
stars,  etc.— table;  deduced  places  for  Cloverden  station — table;  mean 
error;  other  determinations. 

18G6 

10 

72-85 

Latitude  by  the  zenith  telescope. — C.  A. Schott. 

(1)  General  remarks  on  Talcott’s  method ; (2)  modification  of  instrument; 
(3)  description;  (4)  adjustment;  (5)  selection  of  stars  for  observa 
tion ; (6)  directions  for  observing;  (7)  off  the  meridian;  (8)  general 
expression  for  the  latitude ; (9)  determination  of  the  value  of  a division 
of  micrometer;  (10)  of  level;  (11)  correction  for  differential  refrac- 
tion; (12)  reduction  to  the  meridian;  (13)  record  of  the  observations; 
(14)  reduction  of  the  observations;  (15)  discussion  of  the  results; 
(16)  combination  of  the  results  by  weight. — Examples  to  articles  9, 
10, 13,  and  14.— [Sketch  28.] 

1867 

8 

138-139 

New  meridian  instrument  for  time,  latitude,  and  azimuth.— George  David 
son.— [Sketch  28.] 

1873 

14 

138 

List  of  stars  for  latitude  observations. 

1876 

7‘ 

83 

A catalogue  of  stars  for  latitude  observations. 

1877 

13 

182-183 

Improved  open  vertical  clamp  for  telescopes  of  theodolites  and  meridian  in- 
struments.—George  Davidson. 

1879 

7 

103-109 

Description  of  the  Davidson  meridian  instrument. — George  Davidson. 
See  Appendix  No.  8,  Report  of  1867,  for  first  printed  description. 

1880 

H 

245-259 

Latitude  determination  by  means  of  the  zenith  telescope. — C.  A.  Schott. 

(1)  General  remarks  on  Talcott’s  method ; (2)  modification  of  instrument; 
(3)  description;  (4)  adjustment;  (5)  selection  of  stars ; (6)  directions 
tor  observing ; (7)  bisection  of  stars  otf  the  meridian  ; (8)  general  ex- 
pression for  latitude;  (9)  determination  of  value  ot  micrometer;  (10) 
determination  of  value  of  level ; (11)  differential  refraction;  (12)  re- 
duction to  the  meridian  ; (13)  form  of  record;  (14)  of  reduction;  (15) 
discussion  of  results;  (16)  combination  of  results  by  weights.— Ex- 
amples to  articles  9, 10,  13,  and  14. 
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1888 

13 

465-470 

Differential  method  of  computing  the  apparent  places  of  stars  for  determi- 
nations of  latitude,  by  E.  D.  Preston,  assistant. 

1888 

14 

471-563 

Determinations  of  latitude  and  gravity  for  the  Hawaiian  Government,  by  E. 
D.  PrestoD,  assistant. 

[For  abstract  of  contents  see  under  “Gravity.”] 

1889 

137-142 

Bulletin  No.  11.— An  abstract  of  above  paper  published  in  advance  of  the 
appearance  of  the  full  paper  in  the  report  for  1888. 

LONGITUDE. 


1846 

10 

71-72 

"bifferences  of  longitude  of  Philadelphia  and  Greenwich,  by  reduction  of 
observations  at  Cambridge,  Mass. — S.C.  "Walker. 

1816 

11 

72-74 

Differences  of  longitude  by  telegraph.— S.  C.  Walker. 
Correction  for  personal  equation. 

1848 

6 

Letter  from  Professor  Bache  to  the  editor  of  the  Astronomische  Nachrichten, 
dated  at  Washington,  February  7,  1848,  and  communicating  a report 
of  Prof.  Sears  C.  Walker  of  November  10, 1847,  on  the  results  ob- 
tained in  the  Survey  of  the  Coast  of  the  United  States  for  differences 
of  longitude  by  the  electro-magnetic  telegraph. — Prof.  Schumacher’s 
Astronomische  Nachrichten,  No.  632. 

1818 

4 

78-83 

Recapitulation  of  results  for  personal  equation,  1844-1848.— S.  C.  Walker. 

1848 

19 

112-118 

Longitude  computations. — S.  C.  Walker. 

1848 

13 

Letter  of  A.  D.  Bache,  Superintendent  U.  S.  Coast  Survey,  to  the  Secretary 
of  the  Treasury,  dated  December  26, 1848,  communicating  a report  by 
S.C.  Walker,  on  an  application  of  the  galvanic  circuit  to  an  astro- 
nomical clock  and  telegraph  register  in  determining  local  differences 
of  longitude  and  in  astronomical  observations  generally. 

[House  Ex.  Doc.  No.  21,  Thirtieth  Congress,  second  session.] 

1849 

5 

72-78 

74 

Mechanical  record  of  astronomical  observations.— Prof.  O.M.  Mitchel. 
Revolving  disk;  arrangement  for  recording  differences  of  declinations, 

1850 

6 

79 

Differences  of  longitude  between  Cambridge  and  Liverpool  observatories. — 
W.  C.  Bond. 

1850 

13 

85-89 

Telegraphic  operations  and  computations.— S.  C.  Walker. 

I,  Experiments  for  galvanic  wave  time  between  Washington  and  St. 
Louis;  II,  attempted  experiments  on  wave  time  through  different 
conductors;  III,  experiments  with  the  chemical  telegraph  line;  IV, 
progress  of  the  researches  on  the  velocity  of  the  galvanic  curreut; 
the  Bond  spring  governor. 

1851 

18 

462-463 

Telegraphic  arrangement  to  determine  the  difference  of  longitude  between 
Cambridge  and  Halifax.— S.  C.  Walker. 

1851 

25 

476-479 

Measures  of  wave  time,  made  from  1849  to  1851. — S.  C.  Walker. 
Specifications  and  tables  of  results. 

1851 

26 

480-481 

Abstract  of  reports  on  longitudes. — S.  G.  Walker. 

By  moon  culminations,  eclipses,  transits,  occultations,  and  telegraph. 

1853 

31 

84 

On  longitude  from  moon  culminations. — Benjamin  Peirce. 

On  the  determination  of  longitude  from  observation  of  moon  culminations ; 
standard  probable  error  of  observation  of  interpolated  lunar  transits : 
constant  errors  of  epoch  and  periodical  one  of  half  lunations. 

1853 

32 

84-86 

On  moon  culminations  observed  by  the  “American  method,”  with  remarks 
on  the  performance  of  Bond's  spring  governor. — W.  C.  Bond. 
Comparison  of  records  made  by  two  spring  governors  differing  one-tenth 
of  a second  in  time  of  vibration  of  their  respective  pendulums; 
table  of  star  transits;  amount  of  probable  errors. 

1853 

33 

8C-88 

Telegraphic  longitude  of  Charleston,  S.  C. — B.  A.  Gould. 

Results  of  observations  for  the  determination  of  difference  of  longitude  by 
telegraph  between  Seaton  station  (Washington,  D.  C.)  and  Charles 
ton,  S.  C. 
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1853 

0 

88-89 

Cambridge  and  Liverpool  chronometer  expeditions  in  1849,  1850,  and  1851. — 
G.P.Bond. 

Computations  of  results  for  determining  difference  of  longitude. 

1854 

36 

108-120 

Longitude  by  moon  culminations.— Benjamin  Peirce. 

General  considerations;  constant  errors  and  personal  equations;  correc- 
tion of  the  lunar  ephemeris;  standard  probable  error  of  observation 
of  a lunar  transit;  limit  of  accuracy  attainable;  longitude  of  the 
National  Observatory,  Washington.  D.  C. ; three  forms  of  correcting 
lunar  ephemeris  and  the  modes  of  computation. — [Errata,  112,  113, 
114,  115,117;  1855,  p.  xix.] 

1854 

37 

120 

Moon  culminations. — W.  C.  Bond. 

Observed  by  the  American  method ; chronometric  longitude  of  Cambridge 
and  probable  error. 

1854 

38 

120 

Moon  culminations.— E.  O.  Kendall. 

Observed  at  High  School  observatory,  Philadelphia. 

1854 

39 

121 

Discussion  of  probable  error  of  observation  with  a Wiirdemann  26-inch 
portable  transit.  From  observations  by  G.  Davidson  in  1853.  [See 
illustration  No.  29 — Report  1866  ] — J.  E.  Hilgard. 

1854 

41 

128-131 

Telegraphic  longitude. — B.  A.  Gould. 

On  telegraphic  observations  for  the  difference  of  longitude  between 
Raleigh,  N.  C.,  and  Columbia,  S.  C. 

1854 

42 

138-142 

Chronometric  longitude  expeditions  (Cambridge-Liverpool). — G.  P.  Bond. 
Results  of  the  expeditions  of  1849,  1850,  and  1851,  and  on  the  method  of 
computation.— [Errata,  140:  1855,  p.  xix.] 

1855 

42 

267-274 

Longitudes. — Report  on  the  method  of  determining  longitudes  by  occulta- 
tions  of  the  Pleiades.— Benjamin  Peirce.  [Errata,  268,  269,  270,  272, 
273:  1855,' p.  xviii.j 

1855 

43 

275-276 

Chronometric  longitudes.— W.  C.  Bond. 

On  moon  culminations  observed  by  him,  and  the  chronometric  expedition 
for  determining  the  longitude  difference  between  Cambridge,  Mass., 
and  Liverpool,  England. — [Errata,  275:  1855,  p,  xviii.] 

1855 

46 

286-295 

Telegraphic  longitudes. — B.  A.  Gould. 

Report  on  telegraphic  operations  for  difference  of  longitude  between 
Columbia,  S.  C.,  and  Macon,  Ga. ; programme  of  telegraphic  cam- 
paign; for  instrumental  corrections  and  longitude  reductions; 
battery  memoranda;  to  put  up  Kessel’s  clock.— [Errata,  288:  1855, 
p.  xviii] 

1856 

20 

163-166 

Telegraphic  longitudes.  — B.  A.  Gould. 

Operations  for  difference  of  longitude  between  Wilmington,  N.  C.,  and 
Montgomery,  Ala.,  with  list  of  stars  for  observation. 

1856 

21 

167-181 

i 

Telegraphic  method  of  determining  differences  of  longitude.— G.  W.  Dean. 

Details  of  the  method  used  in  the  Coast  Survey  for  telegraphic  determi- 
nations of  difference  of  longitude;  transit  instrument;  astronomical 
clock ; chronographic  register ; batteries ; list  of  stars  arranged  from 
the  British  Association  Catalogue  for  determining  the  difference  of 
longitude  between  Macon,  Ga.,  and  Montgomery,  Ala.,  March,  1856; 
exchange  of  star  signals;  reading  off  the  chronographic  sheets; 
example  of  reduction;  observations  for  determining  the  inequality  of 
the  pivots  of  Coast  Survey  transit  No.  8;  personal  equations. 
(Sketch  66). — [Errata,  169-170:  1856,  p.  xx  ] 

1856 

22 

181 

Chronometric  and  astronomical  longitudes.— W.  C.  Bond. 

On  longitude-computations  and  occultations  observed  ; lunar-spot  transits. 

1856 

23 

182-191 

Chronometric  results. — G.  P.  Bond. 

Results  of  the  chronometric  expeditions  of  1849,  1850, 1851,  and  1855  for 
difference  of  longitude  between  Cambridge,  Mass.,  and  Liverpool, 
England ; table  of  longitudes  by  voyages  of  1855. 

1856 

24 

191-197 

Pleiades. — Benjamin  Peirce. 

On  the  determination  of  longitude  bj*occultations  of  the  Pleiades ; for- 
mulas for  the  correction  of  the  co-ordinates  of  the  stars;  table  for 
1840 ; table  of  logarithms  for  h and  Jc  for  the  principal  observatories. 

1856 

25 

198-203 

Lunar-spot  transits. — C.  H.  F.  Peters. 

On  the  substitution  of  lunar  spots  for  the  moon’s  limb  in  observing  cul- 
minations. 
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1856 

26 

203-208 

Occultations  on  the  western  coast. — G.  Davidson. 

Observations  made  at  Port  Townsend,  Wash.  Ter.,  April  and  May,  1856; 
tables  and  remarks. 

1857 

27 

305-310 

Telegraphic  longitudes.— On  the  progress  made  in  the  different  campaigns.— 
B.  A.  Gould. 

List  of  time-stars  adopted  ; difficulties  and  discrepancies  of  transmission 
for  signals  between  Wilmington,  N.  C.,  and  Columbia,  S.  C. 

1837 

28 

310,311 

Moon  culminations.— W.  C.  Bond. 

On  the  number  observed  during  the  year  at  Cambridge,  co-operative  with 
those  on  the  Pacific  side  ;’star-occultation  photographs;  connection 
with  Quebec. 

1857 

29 

311-314 

Longitude  methods  — Benjamin  Peirce. 

On  the  relative  precision  of  determinations  by  occultations  and  solar 
eclipses ; upon  the  use  of  the  solar  eclipses  • upon  the  occultations  of 
the  Pleiades. 

1857 

30 

314-324 

Chronometric  determination  of  the  difference  of  longitude  between  Savan- 
nah, Ga.,  and  Fernandina,  Fla.,  and  discussion  of  the  method. — A.  D. 
Bache  and  C.  A.  Schott. 

Chronometers  used-;  personal  equation;  temperature  compensation; 
chronometer  comparisons— table ; stationary  and  traveling  rates; 
tables  of  comparison  and  discussion. 

1858 

21 

186-189 

Longitudes.  — Method  of  computing  from  moon -culminations ; notes  on  ob- 
servations of  moonculmiuations ; forms  and  example. 

1858 

23 

190 

] 

Moon-culminations,  etc.— O.  M.  Mitchel. 

Number  of  observations  made  by  him  for  the  Coast  Survey. 

1859 

21 

278 

Moon-culminations.  — O.  M.  Mitchel. 

Observations  made  for  the  Coast  Survey  at  the  Cincinnati  Observatory  for 
longitude  purposes. 

1861 

16 

182-195 

Longitude.— Benjamin  Peirce. 

Discussion  of  observations  of  the  solar  eclipse  of  July,  1851;  observations 
of  the  total  pha->e;  European  observations,  of  which  the  beginning 
and  the  end,  both  observed  at  the  same  place,  have  been  admitted 
into  the  computation;  American  observations;  method  of  computa- 
tion. 

1861 

17 

196-221 

Report  on  the  determination  of  longitude  by  occultations  of  the  Pleiades, 
with  an  example  showing  the  mode  of  computation;  Greenwich, 
Cambridge  (England),  Ashurst,  Washington  City,  Philadelphia,  and 
Boston  observatories  computed;  solutions  of  the  equations  for  the 
correlation  of  the  moon’s  place  and  of  the  longitude. 

1861 

18 

221-232 

Longitude  of  Albany,  N.  Y. — B.  A.  Gould. 

Abstract  of  a report  on  the  determination  by  telegraph  of  the  difference 
of  longitude  between  New  York  City  and  Albany;  table  of  instru- 
mental corrections : colliraation  and  azimuth  correction,  and  hourly 
clock-rate ; personal  equations ; comparative  table  of  longitude  results 
at  the  two  stations. 

1862 

12 

155, 156 

Longitude  of  America  from  Europe.— Benjamin  Peirce. 
On  the  result  from  occultations  of  the  Pleiades. 

1862 

13 

157, 158 

Lunar  tables  used  in  reducing  observations  of  the  Pleiades  for  longitude. — 
Benjamin  Peirce. 

On  their  progressive  improvements. 

1862 

14 

158-160 

Longitudes  in  Maine,  Alabama,  and  Florida. — B.  A.  Gould. 

Ou  progress  in  computing  results  from  telegraphic  observations. 

1863 

17 

146-154 

! Occultations  of  the  Pleiades  in  1841-42.— Benjamin  Peirce. 

On  computations  for  longitude,  Nos.  1, 11,  and  Y ; records  of  Edinburgh, 
Washington,  and  Cambridge  observations;  ephemeris;  stereographio 
co-ordinates  of  the  moon  referred  to  Alcyone;  equations  for  the  cor- 
rection of  the  moon’s  place  and  of  the  longitude ; solutions. 

1863 

18 

154-156 

Longitude.— B.  A.  Gould. 

On  computations  connected  with  the  telegraphic  method. 

18G3 

23 

205 

1 

Induction-time  in  relay-magnets. — G.  W.  Dean. 

| Report  on  experiments  made  to  determine  their  relative  power. 
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1864 

11 

114 

Longitude.— Benjamin  Peirce. 

On  the  method  of  determining  longitudes  by  occultations  of  the  Pleiades. 

1864 

12 

li5, 116 

On  results  by  telegraphic  method.— B.  A.  Gould. 

1864 

20 

211-220 

Eduction-time  of  relay-magnets,  deduced  from  experiments. — G.  W.  Dean. 

1865 

12 

138-146 

Report  on  the  progress  of  determining  longitude  from  occultations  of  the 
Pleiades,  continued  from  previous  reports.— Benjamin  Peirce. 

Values  of  22 — p for  1838-42  and  1857-’61. 

1865 

13 

146  149 

Method  of  determining  longitude  from  the.occtiltatiohs  of  the  Pleiades,  con- 
tinued from  previous  reports. — Benjamin  Peirce. 

Corrections  of  lunar  semidiametefi,  mean  place,  ellipticity  of  orbit,  longi- 
tude of  perihelion,  Coefficient  of  annual  parallax,  and  longitude  of 
Europe  and  America  ; example. 

1865 

14 

150, 151 

Report  on  the  results  of  determining  longitude  by  telegraphic  method.— 
B.  A.  Gould. 

1866 

9 

55-71 

The  transit  instrument,  description,  use,  adjustment,  and  method  of  obser- 
vation.— C.  A.  Schott. 

1866 

12 

99,  100 

Longitude.—  [From  Report  for  1846. J — S.  C.  Walker. 

Difference  of  longitude  between  Philadelphia  and  Greenwich  by  redaction 
of  Cambridge  (Mass.)  observations. 

1866 

13 

100-102 

Longitude. — [Report  for  1846.] — S.  C.  Walker. 

1866 

14 

102-105 

i Longitude.— [From  Report  for  1848.]— S.  C.  Walker. 

Difference  of  longitude  between  New  Yoi’k,  Cambridge,  and  Greenwich. 

1866 

p;. ; 

15 

106-108 

Longitudes.  — [From  report  for  1850.]— S.  C.  Walker. 

(1)  Experiments  for  galvanic-wave  time  between  Washington,  D.  C.,  and 
St.  Louis,  Mo. ; (2)  attempted  experiments  on  wave-time  through 
different  conductors  ; (3)  experiments  with  the  chemical  telegraph 
line;  (4)  progress  of  the  researches  on  the  velocity  of  the  galvanic 
current. 

1836 

16 

109-111 

Galvanic-wave  time.  — [From  Report  for  1851.]—  S.  C.  Walker. 
On  measurements  from  1849  to  1851,  with  tables. 

1866 

17 

111,112 

Longitudes. — [From  Report  for  1851.]— S.  C.  Walker. 

Abstract  of  reports  on  longitudes,  by  moon  culminations,  by  eclipses,  tran- 
sits, and  occultations,  by  chronometer  expeditions,  and  by  telegraphic 
operations. 

1867 

6 

57-133 

On  the  longitude  between  America  and  Europe  from  signals  through  the 
Atlantic  cable.  — B.  A.  Gould. 

(1)  Origin  of  the  Coast  Survey  expeditions  in  1865  and  1866;  (2)  previous  de- 
terminationsof  transatlantic  longitudes  from  eclipses  and  occultations; 
from  moon-culminations  ; from  chronometers  transported  from  Boston 
to  Liverpool;  (3)  history  of  the  expedition  of  1866;  programme  of  trans- 
atlantic-longitude campaign ; (4)  observations  at  Valencia  ; table  of 
equatorial  intervals  ; table  of  observations,  October  25  to  November 
16,  1866;  (5)  observations  at  Newfoundland,  October  25  to  December 
16,  1866;  (6)  observations  at  Calais,  December  11  to  18,  1866;  (7)  Ion 
gitude-signals  between  Foilhommerum  and  Hearts  Content;  clock- 
corrections  ; transatlantic  longitude  and  transmission  time,  October 
25  to  November  9,  1866;  (8)  longitude-signals  between  Hearts  Con- 
tent and  Calais;  tables  of  Newfoundland  and  Calais  signals;  tables 
of  longitude  and  times  of  transmission  ; (9)  personal  error  in  noting 
signals;  (10)  personal  equation  determining  time ; (11)  final  results 
for  longitude ; (12)  velocity  of  transmission  ; cables  of  1865  and  1866 ; 
fables  of  comparison. 

[Published  also  by  the  Smithsonian  Institution,  Washington,  1869.] 

1870 

VI 

100 

Results  of  the  telegraphic  determination  of  the  longitude  of  San  Francisco, 
Cal. 

1870 

13 

101-106 

1 

Abstracts  of  results  for  difference  of  longitude  between  Harvard  Observa- 
tory, Massachusetts,  the  Coast  Survey  station,  Seaton,  and  the  Naval 
Observatory,  Washington,  D.  C.,  as  determined  by  means  of  the 
electric  telegraph  in  1867  by  the  U.  S.  Coast  Survey,  with  the  co- 
operation of  Prof.  Joseph  Winlock,  Director  of  Harvard  Observatory, 
and  Commodore  B,  F.  Sands,  U.  S.  N.,  Superintendent  Naval  Observ- 
atory. 
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1873 


1871 


1875 


18 


437-477 


1C3-247 


182 


139-155 


Subject  and  author. 


Preliminary  report  on  the  determination  of  transatlantic  longitudes.— J.  E. 
Hilgard. 


Brest,  Greeuwich,  Paris;  results  of  observation  for  personal  equation  ; Ion 
gitudes;  Brest-Greenwich,  Brest-Paris,  Greenwich-Paris;  Brest-St 


Pierre-Cambridge  ; Harvard  Observatory-Greenwich ; Washington- 
Greenwich ; Wasbington-Paris. 


On  the  determination  of  transatlantic  longitudes  by  means  of  the  telegraphic 
cables. — By  Prof.  Joseph  Lovering,  of  Harvard  College. 

Smithsonian  Contribution  to  Knowledge,  No.  223. 


Transatlantic  longitudes.— J.  E.  Hilgard. 

Final  report  on  the  determination  of  1872,  with  a review  of  previous  de- 
terminations. 

Part  I— Section  I,  Cambridge ; II,  St.  Pierre ; III,  Brest ; IV,  Paris-Green- 
wich ; Y,  Cambridge-St.  Pierre;  VI,  St.  Pierre-Brest ; programme 
for  cable  exchanges  ; YII,  personal  efror in  noting  cable  time  signals  ; 
VIII,  wave  time  of  cable  signals;  IX,  Brest-Paris  and  Brest-Green- 
wich ; X,  personal  equation,  Blake-Folain ; XI,  personal  equation, 
Blake-Greenwich  standard  observer,  and  longitude  Greenwich-Paris ; 
XII,  personal  equation  of  Coast  Survey  observers ; XIII,  flexure  of 
transit  axis  ; XIY,  final  discussion  of  the  results  for  longitude  differ- 
ences, Brest,  Greenwich,  Paris ; XV,  final  combination  of  tne  longi- 
tude differences  deduced  from  the  observations  of  1872, 1870,  and  1866; 
finally  adopted  longitudes  from  observations  of  1866, 1870,  and  1872. 

Part  II  Reduction  of  the  observations  made  for  the  transatlantic  longi- 
tude determination  of  1872;  comptttation  of  observations  for  clock 
and  instrumental  corrections  at  Cambridge,  Mass.,  1872;  Cambridge 
clock  corrections,  fiom  stars  of  less  than  65°  N.  declination  ; compu- 
tation of  observations  for  clock  and  instrumental  correction  at  St. 
Pierre,  Miquelon,  1872  ; St.  Pierre  clock  corrections,  from  stars  of  less 
than  65°  N.  declination ; adopted  clock  corrections,  Cambridge  and 
St.  Pierre  at  the  epochs  of  exchanging  longitude  signals ; table  of 
such  clock  corrections  a»nd  rates  at  St.  Pierre  as  relate  to  the  longi- 
tude determination  with  Brest ; computation  of  observations  for 
clock  and  instrumental  corrections  at  Brest,  Paris,  and  Greenwich  ; 
adopted  chronometer  corrections  from  all  stars  south  of  60°  N.  decli- 
nation ; errors  and  rates  of  the  sidereal  standard  clock  of  the  Royal 
Observatory  at  Greenwich,  connected  with  the  longitude  differences, 
Greenwich-Brest  and  Greenwich-Paris ; computation  of  observations 
for  clock  and  instrumental  corrections  of  the  National  Observatory  at 
Paris,  France,  relating  to  the  differences  of  longitude,  Paris-Brest 
and  Paris-Greenwich ; observations  for  inclination  of  axis  of  the 
Gambey  meridian  transit ; azimuths  of  the  meridian  mark  ; observa- 
tions on  a,  5,  and  A.  Ursa?  Minoris;  coefficients  employed  in  the  reduc- 
tion of  the  observations ; observations  made  with  the  Gambey 
meridian  transit  for  difference  of  longitude,  Paris-Brest ; clock  correc- 
tions and  hourly  rates  at  Paris;  observations  with  the  Gambey 
meridian  transit  and  the  Morse-Digney  chronograph  for  difference 
of  personal  equation  of  Blake-Folain ; clock  corrections  and  hourly 
rates  at  Paris ; observations  with  the  Gambey  meridian  transit  for 
difference  of  longitude,  Paris-Greenwich ; clock  corrections  and 
hourly  rates  at  Paris;  results  of  telegraphic  time  signals  exchanged 
between  Cambridge  and  St. Pierre;  between  St. Pierre  and  Brest; 
between  Brest  and  Paris;  between  Brest  and  Greenwich;  between 
Greenwich  (Coast  Survey  transit)  and  Paris;  personal  error  in  noting 
cable  time  signals  at  St..  Pierre ; at  Brest ; difference  of  personal 
equation  of  Folain  and  Blake ; Criswick  and  Blake ; personal  equa- 
tion ; Goodfellow,  Blake,  and  Smith  ; observations  for  personal  equa- 
tion at  Cambridge,  Mass.,  October  and  November,  1872 ; results. 
[Errata  pp.  163, 164, 167, 168, 169, 172, 173, 177, 178, 180, 207, 237,  242.] 


Telegraphic  longitude  of  Key  West. — C.  A.  Schott. 

Introduction ; description  of  observing  stations  and  of  instrumental  outfit ; 
relative  personal  equations ; equatorial  interval  of  wires  of  transit 
circle ; adopted  mean  placed  in  right  ascension  of  stars  observed  at 
Washingtou  and  Key  West.;  probable  error  of  clock  corrections; 
reduction  of  transits  for  clock  corrections,  Washington  ; conditional 
and  normal  equations  ; synopsis  of  results  for  correction  and  rate  of 
clock  ; reduction  of  transits  for  chronometer  corrections,  Key  West ; 
normal  equations  for  azimuth  and  chronometer  corrections ; synopsis 
of  results  for  correction  and  rate  of  chronometers;  1 elegraphic  con 
nection  and  exchange  of  time  signals ; telegraphic  difference  of  longi- 
tude, Washington-Key  West;  resulting  longitude  of  Key  West  and 
of  light-houses  in  its  vicinity. 
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1880 


1880 


1880 


1884 


1889 


1889 


1889 


Appen- 

dix. 


14 


Pages. 


81-92 


98-95 


231-241 


407-430 


147-150 


161-164 


209-212 


213-216 


Subject  and  author. 


Telegraphic  longitudes.— C.  A.  Schott. 

Report  on  the  results  of  telegraphic  longitudes  determined  by  the  Coast 
and  Geodttic  Survey  up  to  the  present  time,  and  preliminary  adjust- 
ment by  least  squares;  two  groups;  specimen  of  the  first  group; 
Atlanta  and  Washington  ; results  for  difference  of  longitude  ; review 
of  the  telegraphic  longitude  work;  published  results;  method  of 
combining  results  ; table  of  results  of  differences  of  longitude  ; table 
of  results  determining  subordinate  stations ; combination  and  ad 
justraent  of  observed  differences  of  longitude ; diagram  No.  S3, 
conditional  equations  ; resulting  adjusted  longitudes  (west  of  Green- 
wich). 

Telegraphic  longitudes. — Edwin  Smith. 

Explanation  of  apparatus  used  for  observation;  description;  cases  1 to  5; 
adjustments ; interchange  of  signals ; diagrams  Nos.  34  and  35. 

Determination  of  longitude  by  means  of  the  electric  telegraph  (two  plates).— 
C.  A . Sehott. 

(1)  Telegraphic  determination  of  longitude  ; (2)  personal  equation  ; speci- 
men of  record  of  results  for  difference  of  longitudes ; variability  in 
personal  equation  ; (3)  weights  to  transit  observations  recorded  on 
the  chronograph ; weights  depending  on  the  star’s  declination ; 
weights  to  incomplete  transits  ; reduction  of  observations  for  time  ; 
(4)  disposition  of  telegraphic  instruments  in  the  observatory;  arrange- 
ments I to  VI ; (5)  concluding  remarks. 

Longitudes  deduced  in  the  Coast  and  Geodetic  Survey  from  determinations 
by  means  of  the  electric  telegraph,  between  the  years  1846  and  1885. 
Second  adjustment. — By  Charles  A.  Schott,  Assistant. 

Prefatory  note ; comparison  of  the  state  of  the  longitude  work  of  the  Sur- 
vey in  1880  with  that  of  1885 ; growth  of  the  work,  with  an  account  of 
its  gradual  development  in  the  Survey;  explanatory  remarks  to  the 
table  of  results;  Table  I.  general  table  of  results  for  differences  of  longi- 
tude of  stations,  determined  by  the  TJ.  S.  Coast  and  Geodetic  Survey, 
by  means  of  the  electric  telegraph,  between  the  years  1846  and  1884 
(July) ; Table  II,  observed  differences  of  longitude,  their  probable 
errors,  numbers  for  reciprocal  of  weights,  and  symbolic  corrections  ; 
degree  of  accuracy  attained  by  the  Survey  of  late  years;  adjustment 
of  results  by  least  squares;  form  of  the  conditional  equations;  re- 
duced conditional  equations  to  be  satisfied  ; scheme  of  coefficients  and 
of  inverse  weights  for  the  formation  of  normal  equations  and  for  com- 
puting the  corrections  expressed  in  terms  of  the  correlatives ; normal 
equations;  values  of  C!  and  of  ; final  values,  A,  of  longitudes  from 
Greenwich,  in  accordance  with  a decision  of  the  International  Merid- 
ian Conference,  held  at  Washington,  October,  1884;  comparison  of 
results  with  those  of  first  adjustment  of  1880 ; tables  of  longitudes,  A, 
of  the  remaining  stations,  arranged  by  States  and  Territories,  in  alpha- 
betical order ; computation  of  probable  errors  of  adjusted  longitudes ; 
determination  of  the  probable  errors  of  the  resulting  longitudes  of 
Washington,  U.  S.  Naval  Observatory,  and  of  Cambridge,  Harvard 
College  Observatory ; longitude  of  Detroit,  Mich. ; comparison  of  the 
TJ.  S.  Coast  and  Geodetic  Survey  result  with  the  longitude  used  by  the 
TJ.  S.  Lake  Survey ; longitude  of  Ogdeu,  Utah  ; comparison  of  the  U.  S. 
Coast  and  Geodetic  Survey  result  with  the  value  adopted  by  the  U.  S. 
Engineers  ; junction  of  the  American  and  European  systems  of  longi- 
tudes, with  diagram  showing  connections  adjusted. — [Illustration  21.  J 

Bulletin  No.  13. — Telegraphic  determination  of  the  longitude  of  Mount  Ham- 
ilton, Cal.  Field  work  by  C.  H.  Sinclair,  assistant,  and  R.  A.  Marr, 
Subassistant.  Report  by  Charles  A.  Schott,  Assistant. 

Bulletin  No.  16. — Description  of  two  new  transit  instruments  for  longitude 
work. — Constructed  at  the  office  of  the  Survey  from  designs  by  Edwin 
Smith,  Assistant.’  (One  illustration.) 

Telegraphic  determination  of  the  longitude  of  a station  on  Mount  Hamilton, 
Cal.,  and  its  trigonometrical  connection  with  the  Lick  Observatory. 
Field  work  by  C.  H.  Sinclair,  Assistant,  and  R.  A.  Marr,  Subassistant. 
Report  by  Charles  A.  Schott,  Assistant. 

Description  of  two  new  portable  instruments  for  longitude  work. — Con- 
structed at  the  office  of  the  Survey  from  designs  by  Edwin  Smith, 
Assistant.  (One  illustration.) 
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Year. 


i856 


1866 


i868 


1870 

1870 

1880 


1S90 


1838 


1869 

1877 


Appen- 

dix. 

Pages. 

Subject  and  author. 

27 

208-209 

Azimuth. — J.  E.  Hiigard. 

Method  of  using  the  transit  instrument  for  azimuth  observations  ; form  of 
recdrd  and  deduction. 

il 

86-99 

Astronomical  azimuth.— C.  A.  Schott. 

(1)  Principal  methods;  (2)  astronomical  azimuth;  (3)  geodetic  azimuth; 
(4)  primary  and  secondary  azimuths;  (5)  time;  (6)  instruments  used; 
47)  azimuth  marks;  (8)  errors  eliminated  * (9)  circumpolar  stars  used ; 
(10)  high  stars;  (11)  sets  of  observations;  (12)  method  of  recording 
and  i educing;  (13)  observations  of  a close  circumpolar  star  near  its 
elongation ; (14)  at  any  hour  angle ; (15)  computation  by  fundamental 
ttigonomettical  formula;  (16)  by  Napier’s  analogies;  (17)  by  a devel- 
opment into  a series  ; (18)  at  equal  intervals  before  and  after  culmina- 
tion; (19)  observation  of  sun  for  azimuth;  (20)  examples  of  records 
and  reductions  to  Articles  11,  13,  14,  15,  17,  18,  and  19.  — 1 Sketches  26 
and  27.  j 

10 

157-165 

- 

| Supplement,  1868,  p.  157. — Specimen  table  of  local  times  of  elongations  and 
culminations  of  four  circumpolar  stars  for  1873,  latitude  40°,  longitude 
6h.  west  of  Greenwich;  correction  for  altered  dates  and  latitudes] 
[Supplement,  p.  158. — In  vertical  of  star  ■ example  of  record  and  reduction  ; 

micromoter  values  ; deduction  of  azimuth.] 

[Supplement,  p.  160.— (a)  Near  culmination  ; example  of  record  and  compu- 
tation ; eye-piece  micrometer,  values  determined  and  applied  to  level 
correction  ; (6)  pivot  micrometer,  ditto,  with  example  and  record  of 
reduction ; single  micrometer  turn,  ditto ; discussion  of  set  of  four 
stars  ; centering  of  instrument  for  connection  with  triangulation.] 

17 

178-179 

Changes  of  elevation  and  azimuth  caused  by  the  action  of  the  sun  at  station, 
Dominguez,  Cal.— George  Davidson.' 

22 

22G-227 

■ Azimuth  and  apparent  altitude  of  Polaris. — George  Davidson. 

14 

I ’ 

I 263-280 

Astronomical  azimuth. — C.  A.  Schott. 

[Four  plates.]  (1)  General  remarks  ; (2)  instruments  ; (3)  general  consid- 
erations ; (4)  methods ; (5)  observations  of  a close  circumpolar  star 
near  elongation;  (56)  observations  with  the  transit  in  the  vertical  of 
a close  circumpolar  star,  near  its  elongation  ; (6)  at  any  hour  angle  ; 
(7)  computation  by  fundamental  formula;  (8)  by  Napier's  analogies; 
(9)  by  development  into  series  ; ( 10)  at  equal  intervals  before  and  alter 
culmination;  (106)  near  culmination  with  eye-piece  micrometer,  cor- 
rections,- (10c)  with  pivot  micrometer;  (11)  observations  of  sun  for 
azimuth  ; (12)  examples  of  record  and  reduction  to  Articles  5,  56,  6 and 
7,  9, 10, 106  ; line  of  collimation  by  reversal  on  siar  ; examples  to  Arti- 
cles 10c,  11 ; table  of  local  time  of  elon  gation  and  culmination  of  four 
circumpolar  stars  for  1885,  latitude  40°,  longitude  6h.  west  of  Green- 
wich. 

1 

215-218 

Bulletin  No.  21.  Determination  of  an  azimuth  from  micrometric  observa- 
tions of  a close  circumpolar  star  near  elongation  by  means  of  a me- 
ridian or  transit  and  equal  altitude  instrument,  or  by  means  of  a 
theodolite  with  eye-piece  micrometer.  Report  ou  method  and  exam- 
ple of  computation  by  Charles  A.  Schott,  Assistant.  Observations 
by  A.  T.  Mosman,  Assistant. 

ARC  MEASURES  AND  LOCAL  DEFLECTION  OF  THE  PLUMB  LINE. 

9 ' 

147-153 

Results  of  the  measurement  of  an  arc  of  the  meridian. — C.  A.  Schott. 

Length  of  the  arc  by  four  methods;  accuracy  of  the  preceding  results; 
table  and  diagram;  determination  of  the  astronomical  latitudes;  re- 
capitulation of  results. 

7 1 

113-115 

Local  deflections  of  the  zenith  in  the  vicinity  of  Washington  City. — C.  A. 
Schott. 

6 

84-95 

The  Pamplico-Chesapeake  arc  of  the  meridian  and  its  combination  with 
the  Nantucket  and  the  Peruvian  arcs  for  a determination  of  the 
figure  of  the  earth  from  American  measures  — C.  A.  Schott. 

Baselines;  latitudes;  resulting  azimuths  determined  astronomically; 
conditional  equations  ; combination  of  arcs  of  the  meridian  ; result- 
ing conditional  equations  of  each  arc  of  the  meridian  ; Nantucket 
arc;  Pamplico-Chesapeake  arc ; Peruvian  arc  ; combination  of  arcs 
for  determining  the  figure  of  the  earth  considered  as  a spheroid  ; 
table  of  data  for  figure  of  the  earth,  Bessel,  L841,  Clarke,  1866,  Coast 
Survey,  1877. 
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Year. 


1879 


1888 


1889 


Appen- 


Pages. 


110-123 


4 471-563 


199-208 


Subject  and  author. 


Comparisons  of  local  deflection  of  the  plumb  line.— C.  A.  Schott. 

Determination  of  the  standard  geodetic  latitude  ; table  of  systematic  ap- 
parent deflections  in  the  meridian  ; determination  of  the  standard 
geodetic  azimuth;  table  of  systematic  deflection  at  right  angles  to 
the  meridian  resulting  from’ observed  azimuths;  determination  of 
the  standard  geodetic  longitude;  exhibition  of  the  apparent  local 
deflections  of  the  vertical  with  reference  to  the  Bessel  and  Clarke 
spheroids;  table  df  comparison  of  effect  of  apparent  local  deflection 
of  the  vertical  in  latitude  for  the  Bessel  and  Clarke  spheroids  ; table 
Of  same  for  deflections  in  azimuth;  ill  longitude.  Appendix  A, 
(Table  1),  astronomical  latitudes  of  the  oblique  arc  along  the  At- 
lantic (2)  comparison  of  the  register  latitudes,  apparent  deflection  in 
the  meridian.  Appendix  B (Table  1),  astronomical  azimuths  of  the 
oblique  arc  along  the  Atlantic;  (2)  comparison  of  the  register  azi- 
muths, apparent  deflections  of  the  meridian,  and  corresponding  ap- 
parent deflections  in  the  prime  vertical.  Appendix  C (Table  1),  as- 
tronomical (telegraphic)  longitudes  of  the  obliqUe  arc  along  the 
Atlantic  ; (2)  comparison  of  the  register  longitudes,  apparent  deflec- 
tions in  longitude,  and  corresponding  apparent  deflections  in  the 
prime  vertical. 

Determinations  of  latitude  and  gravity  for  the  Hawaiian  Government. — By 
E.  D.  Preston,  Assistant.  (For  abstract  of  contents  see  under 
“ Gravity.”) 

The  need  of  a remeasurement  of  the  Peruvian  arc.— By  E.  D.  Preston,  As- 
sistant. 


GRAVITY. 


1876 


1876 

1881 

1881 

1881 

1881 

1882 


15  I 292-337 


410 

359-441 

442-456 

457-460 

461-463 

503-516 


Measurements  of  gravity  at  initial  stations  In  America  and  Europe. — C.  S. 
Peirce. 

Stations  Geneva,  Paris,  Berlin,  Kew,  Hoboken;  instruments;  diagram ; 
observations  of  the  duration  of  an  oscillation ; corrections  1 to  12  ; 
correction  for  rate  of  timekeeper ; Paris  meridian  clock  ; diagram  ; 
Stand  und  Gang  von  Serffert,  1876,  April  15-June  16;  Kew  ; compari- 
son of  chronometers,  diagram  ; Hoboken  ; table  of  instrumental  con- 
stants ; comparison  of  chronometers ; instrumental  constants  ; rates 
of  chronometers  graphically  represented;  diagrams  Nos.  31  to  35; 
correction  for  arc ; tables  showing  times  of  reading  half  amplitudes ; 
Paris,  Berlin,  Kew ; table  of  decrement  of  arc  from  1°  10'  ; diminu- 
tion of  arc;  decrement  of  pendulum  arc,  Hoboken,  N.  J.,  times  of 
reaching  different  amplitudes;  tables;  diagram  36;  reduction  to  a 
vacuum ; coefficient  of  expansion ; diagrams  37a,  37fa ; comparison  of 
meters  “A”  and  “49”;  correction  for  wearing  of  the  knife-edges; 
correction  for  slip  of  the  knife-edges;  correction  for  shorter  length 
with  heavy  end  up  ; for  flexure  of  the  support;  length  of  the  pendu- 
lum ; on  the  tenths  of  millimetres  at  the  ends  of  the  United  States 
Coast  Survey  pendulum  metre,  and  on  the  screw  revolutions  of  the 
Repsold  vertical  comparator;  value  of  the  screw  revolutions  of  the 
upper  microscope ; of  the  lower  microscope  ; results  of  observations 
of  length  ; summary  of  results  of  comparison  of  lengths  between  the 
standard  metre  “ 49  ” and  others ; comparison  of  Prussian  and  United 
States  pendulum  standards,  1875;  concluded  length  of  the  pendulum; 
center  of  mass  ; periods  of  oscillation  and  values  of  gravity  ; dia- 
gram ; length  of  seconds  pendulum  at  Geneva ; tables  of  experi- 
ments, Paris,  1876,  Berlin,  Kew,  Hoboken,  N.  J. 

Addendum  to  Appendix  No.  15. 

Tables  showing  the  modes  of  reducing  the  experiments. 

On  the  flexure  of  pendulum  supports.— By  C.  S.  Peirce,  Assistant. 

On  the  deduction  of  the  ellipticity  of  the  earth,  from  pendulum  experi- 
ments.— By  C.  S.  Peirce,  Assistant. 

On  a method  of  observing  the  coincidence  of  vibrations  of  two  pendulums.—. 
By  C.  S.  Peirce,  Assistant. 

On  the  value  of  gravity  at  Paris.— By  C.  S.  Peirce,  Assistant. 

Report  of  a conference  on  gravity  determinations  held  at  Washington,  D, 
C.,  in  May,  1882. 
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1883 

1883 

1884 

1884 

1884 

1885 

1885 

1888 

1889 
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GRAVITY— Continued. 


Subject  and  author. 


Determinations  of  gravity  and  other  observations  made  in  connection  with 
the  Solar  Eclipse  Expedition,  May,  1883,  to  Caroline  Island.  A re- 
port by  E.  D.  Preston. 

Determinations  of  gravity  at  Allegheny,  Ebensburg,  and  York,  Pa. — By  C. 
S.  Peirce,  Assistant. 

Determinations  of  gravity  with  the  Kater  pendulums  at  Auckland,  New 
Zealand;  Sydney,  New  South  Wales;  Singapore,  British  India;  To- 
kio,  Japan  ; San  Francisco,  Cal. ; and  Washington,  D.  C.— By  Ed- 
win Smith,  Assistant. 

On  the  use  of  the  noddy  for  measuring  the  amplitude  of  swaying  in  a pen- 
dulum support. — By  C.  S.  Peirce,  Assistant. 

Note  on  the  effect  of  the  flexure  of  a pendulum  upon  its  period  of  oscilla- 
tion.— By  C.  S.  Peirce,  Assistant. 

On  the  influence  of  a noddy  on  the  period  of  a pendulum.— By  C.  S.  Peirce, 
Assistant. 

On  the  effect  of  unequal  temperature  upon  a reversible  pendulum. — By  C.  S. 
Peirce,  Assistant. 

Determinations  of  latitude  and  gravity  for  the  Hawaiian  Government. — By 
E.  D.  Preston,  Assistant  (22  illustrations). 

Letter  of  E.  D.  Preston  to  Superintendent  Coast  and  Geodetic  Survey, 
transmitting  report  of  work  for  Hawaiian  Government;  plate  show 
ing  crater  of  Haleakala ; note  on  Hawaiian  pronunciation ; report ; in- 
struments; brief  account  of  journey  and  work  accomplished;  plate, 
“Resting  at  ‘ Ana  Moe  Haole’  (9,300  feet  elevation)  Edge  of  Crater;  ” 
triangulation;  plate,  “ End  of  Cart  Road  (5,500  feet  elevation),  Slope 
of  Haleakala;”  plate,  “ Gravity  and  Latitude  Station,  Pakaoao,”  Island 
of  Maui,  etc. ; plate,  “Trail  from  Pakaoao  to  KaupoGap;”  connections 
between  the  trigonometrical  and  astronomical  stations,  and  geodetic 
latitudes  of  thelatter  (with  sketch  of  triangulation) ; plate,  “meridian 
telescope;”  sketch  of  triangulation,  showing  the  connection  between 
latitude  and  gravity  stations  on  the  Island  of  Maui;  latitude;  inclina- 
tion of  micrometer  thread;  micrometer;  level;  discussion  of  the 
results;  summary  of  results;  observations  and  reductions  for  Hono- 
lulu ; list  of  star  catalogues  consulted;  mean  places  of  Hawaiian  lati- 
tude stars;  gravity;  description  of  stations;  methods  of  observation; 
methods  of  reduction;  sketch  of  Island  of  Maui,  showing  contour 
lines  and  compartments;  results  of  pendulum  observations  on  Maui; 
density  of  the  surface  rock ; reduction  of  the  time  observations ; plate, 
“ Relative  Weights  depending  on  Star’s  Declination;”  plate,  “Pendu- 
lum Head  No.  3;”  plate,  “Pendulum  Stand;”  general  chart  of 
Caroline  Islands,  showing  gravity  station  of  1883;  observations  of 
1883;  description  of  stations ; length  of  pendulums  and  position  of 
center  of  mass;  plate,  “Gravity  and  Latitude  Station,  Lahaiua, 
Maui;”  plate,  “Transit  No.  2;”  plate,  “Pendulum  Stand,  1887;” 
plate,  “itepsold  Vertical  Comparator,  with  Pendulum  No.  4 and  1 Y 
and  M No.  1,’  in  position;”  plate,  “Pendulum  No.  3 (Peirce);”  plate, 
“Chronograph;”  plate,  “Variations  of  Clock  Rates;”  diagram 
showing  relative  times  of  star  observations  and  pendulum  swings; 
difference  between  pendulums  No.  3 and  No.  4 ; instrumental  con- 
stants and  chronometer  corrections;  star  residuals;  pendulum  obser- 
vations ; reduction  to  standard  temperature  and  pressure ; periods  of 
oscillation  at  29’554  inches  of  reduced  barometer  at  Washington,  and 
at  15°  centigrade. 

Bulletin  No.  11. — Determinations  of  latitude  and  gravity  for  the  Hawaiian 
Government — By  E.  D.  Preston,  Assistant  (4  illustrations). 

Introductory  remarks;  relative  gravity  determinations;  gravity  results 
(with  diagram) ; latitude  determinations ; geodetic  connections  and 
conclusions;  map  of  Hawaiian  Islands,  showing  the  primary  triangu- 
lation, latitude,  and  gravity  stations;  sketch. of  Island  of  Maui, 
showing  contour  lines  and  compartments;  sketch  of  triaDgulation, 
showing  connection  between  latitude  and  gravity  stations  on  the 
Island  of  Maui. 

[ThisBulletiu  was  published  as  an  abstract  in  advance  of  Appendix  14, 
1888,  the  full  Report  not  having  been  printed  until  January,  1891.] 
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Year. 

Appen- 

dix. 

Pages. 

Subject  and  author. 

1890 

12 

625-684 

Results  of  observations  made  to  determine  gravity  and  the  magnetic 
elements  at  stations  on  the  west  coast  of  Africa  and  on  some  islands 
in  the  North  and  South  Atlantic,  1889-90.  —By  E.  D.  Preston,  Assistant 
(11  illustrations). 

GEOGRAPHICAL  POSITIONS  AND  PROJECTIONS— TOPOGRAPHIC  AND 
HYDROGRAPHIC  SHEETS. 


1851 


12  162-442 


1853 

1853 


39 


1855 

1850 


58 


1857 

1857 

1859 

1859 


23-24 

25 

18 

19 


14-42 


5-163 


119-148 

296-307 


223-264 

264-301 

212-214 

215-216 


List  of  geographical  positions  determined  by  the  Coast  Survey. 

Sections;  method  of  triangulation  and  verification;  average  error;  as- 
sumed size  and  form  of  the  globe  ; station  errors ; checking  of  geo- 
detic longitudes  by  telegraph  ; longitude  of  Cambridge  from  Green- 
wich ; explanation  of  tables  ; list.— [Errata,  168, 169, 218,  304, 324,  372, 
374,  375,  378 : 1851,  p.  viii ; Errata,  163, 169, 189, 190, 191, 194,  217,  218,  220, 
258,  271,  276,  286,  324,  360,  372,  374,  375,  378,  400,  402,  404,  409,  416,  425,  480 : 
1853,  p.  181 ; Errata,  185,  252 : 1854,  p.  xii ; Errata,  192, 225,  340,  341,  342, 
344,346,411:  1855,  p.  x viii.  1 

List  of  geographical  positions.— [Errata,  15, 16,  et  seq.,  17,  20,  28,  29,  31,  32,  33, 
34,36,42:  1854,  p.  xii;  Errata,  19, 20 : 1855,  p.  xviii.] 

Tables  for  projecting  maps,  with  notes  on  map  projections.— C.  A.  Schott 
and  E.  B.  Hunt. 

Map  projections  classified  and  defined  ; Bonne’s  or  modified  Flamstead’s 
projection  ; the  polyconic,  its  properties  and  varieties  ; formulas  used 
for  the  computation  of  projection  tables  in  use  at  the  Coast  Survey 
Office ; graphic  construction  of  polyconic  projections,  Coast  Survey 
methods;  rectangular  polyconic  method;  Table  I,  relation  between 
the  measures  of  length  used  in  different  countries  ; II,  for  converting 

(A)  metres  into  statute  miles ; (B)  statute  miles  into  metres ; (C)  me- 
tres into  yards;  (D)  yards  into  metres;  (E)  yards  into  miles;  III, 
length  of  a degree  of  the  meridian  in  nautical  and  statute  miles  for 
each  fifth  degree  of  latitude  between  20°  and  50° ; IV  (A),  length  of  a 
degree  of  longitude  between  the  parallels  of  17°  and  50°,  for  each  de- 
gree of  latitude,  expressed  in  nautical  miles  ; (B)  length  of  a degree 
of  longitude  between  the  parallels  of  17°  and  50°  for  each  degree  of 
latitude, expressed  in  statute  miles;  V (A),  length  in  metres  of  1°  of 
latitude  and  longitude  for  each  degree  of  latitude  between  17°  and 
50°;  (B)  co-ordinates  of  curvature  for  each  degree  of  longitude  from 
1°  to  35°,  between  latitudes  17°  and  50°;  VI,  projection  tables, 
giving  latitude  and  longitude  arcs,  and  co-ordinates  of  curvature, 
from  latitude  24°  to  50° — [Errata,  96,  97,  98,  102,  134 : 1853,  p.  182  ; 
Errata,  101,  113,  114,  115,  116,  130,  159:  1854,  p.  xii;  Errata,  132,  137; 
1866,  p.  xx.] 

Inst  of  geographical  positions. — [Errata,  138-140  : 1856,  p.  xx.] 

Projection  tables.— J.  E.  Hilgard. 

Tables  applicable  to  the  projection  of  maps  of  large  extent  and  minimum 
distortion  in  represented  area  ; method ; earth’s  dimensions ; Table 
I,  ot  co-ordinates  for  projecting  the  points  of  intersection  of  meridians 
and  parallels ; II,  length,  in  metres,  of  one  degree  of  latitude  and 
longitude  from  latitude  20°  to  54° ; values  of  the  corresponding  radii 
of  the  developed  parallel,  and  angles  at  each  pole  for  10°  of  longitude  ; 
III,  tables  for  converting  measures  (A)  of  metres  into  statute  miles; 

(B)  of  statute  miles  into  metres;  (C)  of  metres  into  yards;  (D)  of 
yards  into  metres ; (E)  of  yards  into  miles  ; IV,  length  of  a degree  of 
the  meridian  in  nautical  and  statute  miles  for  each  fifth  degree  of 
latitude  between  20°  and  50°  ; V,  length  of  a degree  of  longitude  for 
each  degree  of  latitude  from  19°  to  54°,  expressed  in  nautical  and  stat- 
ute miles;  VI,  radii  and  polyconic  development  of  a sphere  with 
radius  = 1. 

List  of  topographic  and  hydrographic  sheets,  showing  their  titles,  dates, 
scales,  and  registered  numbers,  as  filed  in  the  office. 

List  of  geographical  positions. 

Topographic  sheets. 

Hydrographic  sheets. 
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1859 

20 

216-277 

List  of  geographical  positions. 

1859 

33 

328-358 

Projection  tables  for  maps  of  large  extent.— J.  E.  Hilgard. 

Table  I,  length  in  metres  of  1°  of  latitude  and  longitude,  values  of  the  cor- 
responding radii  of  the  developed  parallel,  and  angles  at  each  pole  for 
10°  of  longitude  ; 11,  co-ordinates  of  curvature. 

1861 

13-14 

176-180 

List  of  topographic  and  hydrogtaphic  sheets— Contihued. 

1862 

39 

418-420 

Part  of  Appendix  39.— Geographical  positions  oh  the  Pacific  coast,  United 
Slates. — George  Davidson,  Assistant. 

1863 

15-16 

143-146 

List  of  topographic  and  bydtograpliic  sheets — Continued. 

1864 

15 

144-182 

List  of  geographical  positions. 

1865 

8 

50-99 

List  Of  topographic  and  hydrographic  sheets— Coiitinued. 

1865 

9 

99-136 

List  of  geographical  positions  in  Sections  V,  YI,  VII,  and  IX. 

1865 

10 

187 

List  of  geographical  positions  determined,  approximately,  in  West  Virginia, 
Kentucky,  Tennessee,  Alabama,  Mississippi,  and  Missouri. 

1865 

20 

176-186 

Projection  tables  for  a map  of  North  America. 

Diagram;  table  of  lengths,  in  metres,  of  5°  of  latitude  on  the  straight  me- 
ridian ; table  of  the  radii  of  the  parallels,  and  5°  of  longitude  on  each 
parallel ; I,  table  of  co-ordinates,  latitude  5°  to  85° ; II,  co-ordinates  of 
curvature,  latitude  55°  to  89°  ; III,  length,  in  metres,  of  1°  of  latitude 
and  longitude  55°  to  89°. 

1867 

18A 

265-274 

List  of  topographic  and  hydrographic  sheets  of  Alaska,  by  Russian  au- 
thority. 

1868 

13 

171-242 

List  of  geographical  positions  determined  by  the  Coast  Survey. 

1871 

5 

84-92 

List  of  original  topographic  and  hydrographic  sheets  registered  in  the 
archives  of  the  U.  S.  Coast  Survey  from  January  1, 1866,  to  December 
31, 1871. 

1873 

6-7 

82-93 

List  of  original  topographic  and  hydrographic  sheets  registered  in  the 
archives  of  the  Coast  Survey  from  June,  1865,  to  January,  1873. 

1874 

6 

62-65 

Geographical  positions  of  prominent  places  in  the  United  States. 

1874 

11 

134 

■ Additional  geographical  positions  determined  astronomically  by  the  Coast 
Survey  on  and  near  the  western  coast. 

1875 

7 

89-114 

Original  topographic  sheets  registered  in  the  archives  of  the  Coast  Survey 
from  January,  1834,  to  July,  1875  iNo.  1 to  1378,  inclusive). 

1875 

8 

115-138 

List  of  hydrographic  sheets,  geographically  arranged,  registered  in  the 
archives  of  the  Coast  Survey  from  January,  1835,  to  July,  1875  (Nos.  1 
to  1244,  inclusive). 

1877 

15 

191-192 

A quincuncial  projection  of  the  sphere.— C.  S.  Peirce. 
Tables  I,  II,  of  rectangular  co-ordinates.  (Diagram. ) 

1880 

15 

287-296 

j Comparison  of  the  relative  value  of  the  polyconic  projection  used  in  the 
Coast  and  Geodetic  Survey,  with  some  other  projections.— C.  A. 
Schott. 

(Six  plates  and  a chart.) 

Map  projections  classified  and  defined;  three  groups;  first  group — the 
square  projection,  the  rectangular  projection,  the  rectangular  equal 
surface  projection,  Cassini’s  projection,  projection  with  converging 
meridians,  projection  by  development  of  an  intersecting  cylinder, 
Mercator’s  projection;  second  group— Flamsteed’s  projection,  De 
Lorgna’s,  Babinet’s  equal-surface  projection,  De  l’lsle’s  conic  projec- 
tion, the  simple  conic  projection,  Murdoch’s  projection;  third  group— 
Lambert’s  projection.  Bonne’s,  the  polyconic;  remarks  on  the  history 
of  Coast  Survey  projections;  formulae  for  computation:  (1)  For  an 
arc  of  a great  circle  of  the  sphere ; (2)  for  the  rhumb-line  on  Mer- 
cator’s projection ; (3)  for  the  straight  line  on  Bonne’s  projection  ; (4) 
for  the  straight  line  on  the  polyconic  projection;  resulting  distances, 
in  nautical  miles;  resulting  azimuths. 
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Year. 


Appen- 

dix. 


Pages. 


Subject  and  author. 


1884 


6 


135-321 


Tables  for  the  projection  of  maps,  based  upon  a polyconic  development  of 
the  Clarke  spheroid,  and  computed  from  the  equator  to  the  pole. 

History  of  the  projection  lables  of  the  survey;  the  Clarke  spheroid; 
formulae  used  in  establishing  tables;  arrangement  and  explanation  of 
the  tables;  graphic  construction  of  polyconic  projections  for  limited 
areas;  conversion  tables;  lengths  of  degrees  of  the  meridian ; arcs 
of  the  parallel  in  metres;  meridional  arcs;  coordinates  of  curvature. 


1885 


8 


285-439 


Geographical  positions  of  trigonometrical  points  in  the  States  of  Massachu- 
setts and  Rhode  Island,  determined  by  the  XT.  S.  Coast  and  Geodetic 
Survey  between  the  years  1835  and  1885,  and  including  those  de- 
termined by  the  Borden  survey  in  the  years  1832  to  1838.— By 
Charles  A.  Schott,  Assistant. 

Introduction  and  explanation  of  the  table  of  positions ; number  of  stations 
and  location ; other  statistical  matter;  observers  and  years  of  observa- 
tion; accuracy  of  the  work;  index  of  stations  in  Massachusetts; 
table  of  geographical  positions  determined  in  the  State  of  Massachu- 
setts, and  connection  with  stations  in  the  surrounding  States;  tri- 
angulations of  1832-1885.  [Illustrations  25-26.  J 


1888  8 


313-403 


Geographical  positions  of  trigonometrical  points  in  the  State  of  Connecticut, 
determined  by  the  U.  S.  Coast  and  Geodetic  Survey  between  the 
years  1833  and  1886.  Introduction  and  explanation  of  the  tabular 
results  by  Charles  A.  Schott,  Assistant.  [I  illustration.] 
Introductory  remarks  and  explanation  of  data  and  results;  standard 
geodetic  data  of  the  Survey  ; the  unit  of  length ; the  geodetic  surface 
of  reference;  the  standard  latitude;  the  standard  longitude;  the 
standard  azimuth ; elevations  of  stations  above  sea  level  not  yet 
available;  descriptions  of  stations;  positions  of  stations  and  connect- 
ing lines  shown  on  map;  reduction  of  observations;  explanation  of 
method  used  in  computation;  table  of  logarithmic  factors  for  the 
computation  of  geodetic  positions,  between  latitudes  40°  55'  and  42° 
55';  position  computation,  form  for  direct  computation;  position 
computation,  form  for  inverse  solution ; length  of  arc  of  one  minute 
in  meridian  and  in  parallel;  effect  of  earth’s  curvature;  positions 
arranged  in  geographical  groups ; observers  and  years  of  observation ; 
computers  engaged  in  work;  metric  conversion  tables;  errata  in 
Appendix  8,  1885;  index  of  stations  in  Connecticut;  tabular  state- 
ments of  geographical  positions;  primary  stations;  subordinate, 
primary,  and  secondary  stations:  Rhode  Island  State  line  to  Thames 
River:  Thames  River;  Thames  River  to  Connecticut  River:  Con- 
necticut River ; Connecticut  River  to  Housatonic  River ; Housatonio 
River  to  New  York  State  line. 
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1855 

64 

374-375 

Abstract  of  a complete  historical  account  of  the  progress  of  discovery  on 
the  western  coast  of  the  United  States  from  the  earliest  period; 
compiled,  under  the  direction  of  the  Superintendent,  by  Dr.  J.  G. 
Kohl. 

* 1855 

65 

376-398 

Blake’s  Geological  Report,  western  coast. — W.  P.  Blake. 

Observations  on  the  physical  geography  and  geology  of  the  coast  of  Cali- 
fornia, from  Bodega  Bay  to  San  Diego:  physical  geography  of  the 
mountain  ranges  adjoining  the  coast ; geology  of  the  principal  bays 
and  ports  from  Point  Reyes  to  San  Diego. — [Errata,  pp.  379,  380, 282, 
387,  388,  392,  394,  395,  396 ; 1857,  p.  xviii.l 

1856 

65 

319-322 

Annals  of  discovery  on  the  Atlantic  coast.— J.  G.  Kohl. 

Abstract  of  a history  of  the  progress  of  discovery  on  the  Atlantic  coast 
of  the  United  States. 

1856 

66 

322-324 

Annals  of  discovery,  Gulf  of  Mexico.— J.  G.  Kohl. 

Abstract  of  a memoir  on  the  discovery  and  geographical  development  of 
the  shores  of  the  Gulf  of  Mexico  within  the  limits  of  the  United 
States. 

1857 

52 

414-433 

Western  coast  annals  of  maritime  discovery  and  exploration.— J.  G.  Kohl. 
Report  of  the  method  and  scope  of  a memoir  on. 

I860 

I 41 

399-402 

1 

Labrador  expedition.— Lieut.  A.  Murray,  U.  S.  N. 

1 Report  of  ft  voyage  of  the  steamer  Bibb.  [One  illustration.] 
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Appen- 

Pages. 

« Subject  and  author. 

1867 

18 

187-329 

Alaska  Territory ; coast  features  and  resources. — G.  Davidson. 

Directory  of  the  coast,  226-264;  list  of  geographical  positions,  265-274 ; 
aids  to  navigation,  274-280.  [Sketches  21  to  23.]  [Errata,  289, 22  from 
bottom,  read  Escholtz  Bay.] 

E 

281-290 

Alaska  Territory,  geology  of.— Th.  A.  Blake.  Ibid. 

F 

290-292 

Zoology  of  Alaska  Territory.— W.  G.  W.  Harford. 

G 

293-298 

Yocahularies  of  the  Kodiac,  Unalashka,  Kenai,  and  Sitka  languages. 

H 

299-317 

Alaska  Territory,  meteorology  of.— A.  Kellog. 

L 

318-324 

Botany  of  Alaska  Territory.— A. Kellog. 

N 

325-329 

Vocabulary,  Alaskan. 

1868 

14 

243-259 

Geographical  names  on  the  coast  of  Maine.— Ed.  Ballard. 

1868 

15 

260-277 

Condensed  account  of  M.  Hellert’s  explorations  on  the  Isthmus  of  Panama, 
including  his  special  explorations  on  the  Isthmus  of  Darien,  with 
suggestions  for  conducting  a future  survey.— G.  Davidson. 

Explorations ; plan  for  exploration  of  the  River  Darien  ; outfit  and  duties 
of  engineers;  instrumental  outfit;  use  of  the  heliotrope  for  com- 
municating messages ; form  of  record  of  levelings,  courses  and  dis- 
tances ; rod  for  leveling,  distance,  and  station  mark  for  courses ; to 
pack,  unpack,  and  refill  steel  barometer ; methods  of  ascertaining 
the  discharge  of  water  in  any  stream. 

1873 

11 

111-112 

Geographical  and  hydrographical  explorations  on  the  coast  of  Alaska.— W. 
H.  Dali. 

Islands  of  Attu,  Bouldyr,  Kyska,  Amehitka,  Adakh,  Atka,  Amlia,  Four 
Craters,  Agashagok,  Unalashka,  Sannakh  Reefs,  Popoff  Strait,  cur- 
rent observations,  azimuths,  positions,  and  magnetic  declinations, 
tables  1 to  16 ; thermometer,  mean  for  1873 ; surface  of  sea  water ; 
five  fathoms  below  surface;  current  observations  made  on  board  the 
Yukon  during  the  voyage  from  San  Francisco  to  Unalashka,  May, 
1873 ; heights  of  mountains  determined  in  1873.  [Sketch  No.  17.] 

1874 

22 

United  States  Coast  Survey.  Report  on  the  Nicaragua  route  for  an  inter- 
oceanic  ship  canal,  with  a review  of  other  proposed  routes;  made  by 
Maximilian  von  Sonnenstern  to  the  minister  of  public  works  of 
Nicaragua.  (One  illustration.  Translated  for  the  United  States 
Coast  Survey.  Separately  published.) 

1875 

10 

157-188 

Report  on  Mount  Saint  Elias,  etc.,  Alaska. — W.  H.  Dali. 

I.  Historical  notes;  tabular  results  of  heights,  latitudes,  and  longitudes; 

general  considerations.  [Sketches  22,  23.] 

II.  Discussion  of  data;  reduction  of  observations,  made  in  1874,  to  de- 

termine the  heights  of  Mounts  Saint  Elias,  Cook,  Crillon,  Fair- 
weather,  and  Vancouver  ; details  of  computations. 

1880 

18 

346-411 

Landfall  of  Columbus.— G.  Y.  Fox. 

An  attempt  to  solve  the  problem  of  the  first  landing  place  of  Columbus 
in  the  New  World.  Introduction;  narrative  and  discussion;  the 
track  of  Navarreto;  of  Yarnhagen  ; ot  Washington  Irving  ; of  Capt. 
Beclier;  according  to  G.  V.  Fox;  conclusion;  summary.  Appendix 
A,  p.  401 ; age  of  Columbus.  Appendix  B,  p.  401 ; mile  and  league  of 
Columbus.  Appendix  C,  p.  403;  variation  of  the  compass  in  1492. 
Appendix  D,  p.  405  ; the  log  of  Columbus  across  the  Atlantic  Ocean. 
1492.  Appendix  E,  p.  408;  the  vessels  of  Columbus.  [Sketch  No.  83.] 

1884 

19 

495-617 

History  of  discovery  and  exploration  on  the  coasts  of  the  United  States. — By 
J.  G.  Kohl,  ph.  D. 

Prefatory  note;  abstract  of  contents;  discovery  and  exploration  on  the 
Atlantic  coast;  the  Northmen;  Sebastian  Cabot,  1497;  Ponce  de 
Leon,  1512;  Lucas  Vasquez  de  Ayllon,  1620-1525;  John  de  Yerrazano, 
1524;  Estevan  Gomez,  1525:  English  voyage,  1527;  Spanish  expedi- 
tions, 1524-1543 ; Capt.  Jean  Ribout ; Sir  John  Hawkins,  1565;  Florida, 
1565-1574;  Sir  Walter  Raleigh ; Capt.  John  White,  1587-1590;  Coast  of 
New  England,  1602-1605;  Gosnold  and  Gilbert,  1602;  Martin  Pring,  1603; 
Bartholomew  Gilbert,  1603;  Sieur  de  Monts  and  Champlain,  1605; 
Capt.  George  Weymouth,  1605;  Capt.  Christopher  Newport,  1606; 
Capt.  John  Smith,'  1608;  Capt.  Popham  and  Raleigh,  1607;  Capt. 
Samuel  Argali,  1613;  Capt.  John  Smith,  1614  ; Henry  Hudson,  1609 ; 
David  Pietersz  de  Vries,  1632;  table  of  maps  of  the  Atlantic  coast 
of  North  America,  or  parts  thereof,  published  between  1500-1770; 
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discovery  and  exploration  of  the  Gulf  of  Mexico — abstract  of  con- 
tents; Columbus,  1492-1502;  Sebastian  Cabot,  1497;  Juan  Diaz  de 
Solis  and  Vincente  Yanez  Pinzon,  1506  ; Sebastian  de  Ocampo,  1508 ; 
Juan  Ponce  de  Leon,  1512 ; VeJasquez,  1511-1514 ; Diego  Miruelo,  1516; 
Cordova;  Grijalva  and  Alaminos,  1518;  Fernando  Cortez,  1519;  Don 
Alonzo  Alvarez  Pineda,  151'9;  Narvaez,  1520;  Pineda  and  Camargo, 
1520;  Francisco  de  Garai,  1523;  Narvaez,  1527-1536 ; De  Soto,  1539; 
Diego  Maldonado,  1540 ; Andres  de  Ocampo,  1543 ; Guido  de  Las  Baza- 
res,  1558:  French  and  English  adventurers,  1555-’67 ; Menendez,  1573; 
New  Mexico,  1581-  83  ; Robert  de  la  Salle,  1682 ; Juan  Enriquez 
Barroto,  1685 ; Iberville,  1698-99;  St.  Joseph’s  Bay,  1718;  Galveston 
Bay,  1721;  Charlevoix,  1722:  titles  and  copies  of  maps  illustrating 
Dr.  Kohl’s  History  of  the  Discovery  and  Exploration  of  the  Gulf  of 
Mexico ; discovery  and  exploration  of  the  Pacific  coast  off  the  United 
States,  abstract  of  contents — introduction,  1532-1579;  California,  1532- 
’34;  California,  1535-36;  California,  1539- ’40  ; Sir  Francis  Drake,  1579; 
Francisco  Gali  and  Jayme  Juan,  1584;  Sebastian  Rodriguez  Cerme- 
non,  1595;  Sebastian  Vizcaino,  1596;  New  Mexico  and  California, 
1582-1717;  Juan  Ugarte,  1722,  1732,  1746,  1766;  Russian  expeditions; 
French  expeditions,  1769;  Franciscans  and  Vancouver,  1769— ’92;  Mis- 
sions, 1769 ; Don  Juan  Bautista  Anza,  1774 ; Sonora-San  Diego,  1775  ; 
Northwestern  coast,  1775;  San  Francisco  Bay,  1775;  Santa  Clara 
Mission,  1776,1779;  Capt.  James  Cook,  1778;  LaP6rouse,  1786,1785-1787; 
Capt.  John  Meares,  1788:  Straitof  Fuca,  1789;  Don  Manuel  Quimper, 
1790;  Malaspina,  1791;  Marchand,  1791 ; Vancouver,  1792-’95;  Gali- 
ano  and  Valdez,  1792  Caamano,  1792;  Capt.  W.  R.  Broughton,  1795-’98 ; 
Lewisand  Clarke,  1804-’06;  Russian  expeditions,  1803-06;  Fur  compa- 
nies, 1806-21;  Russian  settlements,  1812-41;  Missionary  travels ; 
Capt.  F.  W.  Beechy,  1827;  Sir  Edward  Belcher,  1836-42;  French  ex- 
plorations, 1820-’42 ; United  States  expeditions,  1820-’47 ; United 
States  exploring  expeditions,  1838-41;  Oregon  and  California,  1842— ’46 ; 
Maj.  W.  H.  Emory,  U.  S.  Corps  Topographical  Engineers,  1846-’47 ; 
titles  of  copies  of  maps  of  the  Pacific  coast  of  North  America,  or 
parts  thereof. 


1886 


7 155-253 


An  examination  of  some  of  the  early  voyages  of  discovery  and  exploration 
on  the  northwest  coast  of  America  from  1539  to  1603.— By  George 
Davidson,  a.  M.,  th.  d.,  Assistant. 

Introduction,  prefatory  remarks:  efforts  to  reconcile  many  of  the  discrep- 
ancies of  the  old  Spanish,  English,  American,  and  French  navigators; 
indomitable  courage  and  perseverance  of  the  old  Spanish  navigators  ; 
many  of  the  positions  of  Ulloa,  Cabrillo,  Ferrelo,  Drake,  and  Viz- 
caino can  now  be  located ; effort  to  follow  the  navigators  day  by  day  ; 
some  of  the  authorities  cited;  origin  of  name  California;  what  it 
designated ; principal  work  consulted ; description  of  localities  by 
the  different  navigators,  Ferrelo,  Cabrillo,  Ulloa,  and  Vizcaino,  with 
notes  by  Davidson,  placed  in  four  parallel  columns;  table  of  the 
landfalls  of  Cabrillo  (C.)  and  Ferrelo  (F.),  with  their  names  by  Ul- 
loa (U.),  Drake  (D.),  and  Vizcaino  (V.),  and  the  present  names  and 
latitudes.  Index  to  Appendix  7,  1886.  Prefatory  note ; authorities 
and  publications  consulted  or  referred  to ; discoverers  and  explorers ; 
harbors  (ports)  and  anchorages,  bays,  channels,  coves,  gulfs,  lagoons, 
straits;  headlands ; capes,  points,  bluffs;  islands,  reefs,  and  rocks; 
mountains  and  mountain  ranges  (Sierras),  table-lands  (mesas);  rivers, 
and  streams;  settlements;  Indian  villages  (Pueblos);  miscellaneous 
notices.  [Illustration  18.] 


1888 


3-6  Bulletin  No.  2.  Notes  on  Alaska  from  recent  snrveys. 


1890  | 19 


759-774 


Notes  on  an  original  manuscript  chart  of  Bering’s  expedition  of  1725-'30,  and 
on  an  original  manusoript  chart  of  his  second  expedition ; together 
with  a summary  of  a journal  of  the  first  expedition,  kept  by  Peter 
Chaplin,  and  now  first  rendered  into  English  from  Bergh’s  Russian 
version.— By  William  H.  Dali.  (Two  illustrations.) 


1890 


20 


775-777 


On  an  early  chart  of  Long  Island  Sound.  — By  Capt.  C.  H.  Townshend. 
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Appen 

Pages. 
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1854 

34 

95-103 

Measurement  of  heights. — T.  J.  Cram. 

Experimental  comparison  of  the  methods  of  measuring  heights  by  level- 
ing, by  vertical  angles,  by  the  barometer,  and  by  the  boiling-point 
apparatus.  [Errata,  102;  1855,  p.  xix.] 

I860 

38 

397 

Table  of  heights  for  the  use  of  topographers.— C.  A.  Schott. 

Height  in  feet  corresponding  to  a given  angle  of  elevation  and  a given 
distance  in  metres,  for  use  in  the  construction  of  contour  lines  by 
plane  tables. 

1870 

7 

• 

75-76 

Report  on  the  leveling  operations  between  Keyport,  on  Raritan  Bay,  and 
Gloucester,  on  the  Delaware  River,  to  determine  the  heights  above 
mean  tide  of  the  primary  stations  Beacon  Hill,  Disboro,  Stony  Hill, 
Mount  Holly,  and  Pine  Hill. — R.  D.  Cutts. 

Heights  above  mean  tide  determined  by  the  spirit  level,  p.  75 ; tidal  sta- 
tions, p.  75  ; instruments,  p.  75 ; tidal  observations  and  records,  p.  76. 

1870 

9 

90-91 

List  of  heights,  above  the  half-tide  level  of  the  ocean,  of  trigonometrical 
stations  determined  by  the  U.  S.  Coast  Survey. 

1871 

11 

154-170 

Comparison  of  the  methods  of  determining  heights  by  means  of  leveling, 
vertical  angles,  and  barometric  measures,  from  observations  at  Bodega 
Head  and  Ross  Mountain,  California. — George  Davidson,  C.  A.  Schott. 

(1)  Result  of  the  leveling  operations.  (2)  Results  of  hourly  observations 
of  reciprocal  aud  simultaneous  zenith  distances  for  difference  of 
heights  of  the  two  stations;  Tables  1 to  6,  zenith  distances,  atmos- 
pheric pressure,  etc.  ; reduction  of  zenith  distances : diagrams. 
(3)  Results  of  hourly  observations  of  atmospheric  pressure  for  differ- 
ence of  heights  of  the  stations ; diagrams. 

1879 

13 

202-208 

Precise  leveling. — O.  H.  Tittraann. 

Instruments  and  methods  used  in  the  Coast  and  Geodetic  Snrvev 
(Sketch  No.  53);  description  of  level;  rod  and  target;  adjustments 
(Figs.  1 to  6);  verification  and  adjustments  of  the  rods;  methods— 
(1)  simultaneous  double  leveling  in  one  direction  ; (2)  leveling  in 
opposite  directions ; method  of  observing  ( a,b,c,d );  river  crossing; 
bench  marks;  degree  of  precision;  records  and  computations; 
curvature  and  refraction ; temperature  correction  ; table  of  curva- 
ture and  refraction;  form  of  record;  form  of  computation;  form  of 
abstract  of  results. 

1879 

16 

212-213 

Refraction  on  lines  passing  near  a surface  of  water,  from  observations  made 
at  different  elevations  across  the  Potomac  River. — Andrew  Braid. 
Summary  of  results. 

1880 

11 

135-144 

Geodetic  leveling  on  the  Mississippi  River. — Andrew  Braid. 

Bench  marks;  instrument;  rods;  method  of  observing;  specimen  of 
record;  probable  and  mean  error;  abstract  of  results;  sketches 
45, 46,  47. 

1882 

11 

517  556 

Results  of  the  transcontinental  line  of  geodetic  spirit  leveling  near  the 
parallel  of  39°.  First  part  from  Sandy  Hook,  N.  J.,  to  St.  Louis, 
Mo. — Field  work  executed  by  Audrew  Braid,  Assistant  (with  map). 
Reduction,  by  Charles  A.  Schott,  Assistant. 

Prefatory  remarks  ; determination  of  the  mean  tidal  level  at  Sandy  Hook  ; 
instrumental  constants;  probable  error  of  results  from  geodetic 
spirit  leveling  ; table  of  results  from  Sandy  Hook,  N.  J.,  to  Hagers- 
town, Md.  : descriptions  of  primary  and  secondary  bench  marks 
between  Sandy  Hook.  N.  J.,  and  Hagerstown,  Md.  ; table  of  results 
from  Hagerstown,  Md.,  to  Grafton,  W.  Ya. ; description  of  primary 
and  secondary  bench  marks  between  Hagerstown,  Md.,  and  Grafton, 
W.Va. ; table  of  results  from  Grafton,  W.  Ya. , to  Athens.  Ohio:  de- 
scription of  primary  and  secondary'  bench  marks  between  Grafton, 
W.  Ya.,  and  Athens,  Ohio;  table  of  results  from  Athens,  Ohio,  to 

Mitchell,  Ind.  ; description  of  primary  and  secondary  bench  marks 
from  Athens,  Ohio,  to  Mitchell,  Ind.  ; table  of  results  from  Mitchell, 
Ind.,  to  St.  Louis,  Mo. ; description  of  primary  and  secondary 
bench  marks  between  Mitchell.  Ind..  and  St.  Louis,  Mo.;  sketch 
showing  the  position  of  the  principal  bench  marks  from  Sandy7 
Hook,  N.  J.,  to  St.  Louis,  Mo.  [Illustration  32$.] 

1887 

9 

185-205 

Heights  from  spirit  levelings  of  precision  between  Mobile,  Ala.,  and  Car- 
rollton (New  Orleans),  La. — Executed  by  J.  B.  Weir,  Assistant,  in 
1885-86.  Reported  by  Charles  A.  Schott,  Assistant. 

Route  of  levels,  date  of  leveling,  observer,  ins  ruraents,  and  instrumental 
constants  ; comparison  of  length  and  divisions  of  rods  with  standard 
on  Saxton’s  dividing  and  comparing  ipachine:  method  of  observing; 
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statistical  information;  computations;  results  in  three  tables.  I 
contains  the  individual  results  and  the  necessary  data  to  enable  one 
to  judge  of  the  accuracy  of  the  measures;  II  shows  the  resulting 
heights  and  probable  uncertainties  of  the  principal  bench  marks 
between  Biloxi  and  Carrollton  above  the  average  Gulf  level  and  a 
comparison  of  results  from  two  levelings,  i.  e.,  that  by  the  Missis- 
sippi River  Commission  and  that  by  the  Coast  and  Geodetic  Survey; 
III  exhibits  the  resulting  heights  and  probable  uncertainties  of  the 
line  Biloxi  to  Mobile  ; description  of  bench  marks. 

1887 

14 

275-300 

Report  of  the  results  of  spirit  leveling  of  precision  about  New  York  Bay 
and  vicinity  in  1886  and  1887.— Observations  by  John  B.  Weir,  Assist- 
ant, and  J.  E.  McGrath,  Subassistant.  Discussion  by  Charles  A. 
Schott,  Assistant. 

Route  lines  of  levels,  with  map  ; observers  and  dates  of  leveling  ; instru- 
mental constants;  method  of  observing;  computations;  resulting 
elevations;  result  of  geodetic  leveling  in  the  vicinity  of  New  York, 
1886-’87:  main  line  from  Sandy  Hook,  N.  J.,  to  Dobbs  Perry,  Hudson 
River,  N.  Y. ; accuracy  of  the  preceding  results  for  heights;  loca- 
tion and  description  of  bench  marks  in  the  main  line  and  branches  of 
spirit  levels,  Sandy  Hook  to  Dobbs  Ferry.  [Illustration  43.] 

1888 

10 

409-420 

Heights  from  spirit  leveling  of  precision  between  Mobile,  Ala.,  and  Okolona, 
Miss. — Field  work  by  J.  B.  Weir,  Assistant,  and  J.  E.  McGrath,  Sub- 
assistant,  in  1884, 1886, 1887.  Reduction  by  C.  A.  Schott,  Assistant. 

1888 

11 

427-453 

Heights  from  spirit  leveling  of  precision  between  New  Orleans,  La.,  and 
Arkansas  City, -Ark.— Field  work  between  New  Orleans  and  Green- 
ville. Miss.,  by  O.  H.  Tittraann  and  Andrew  Braid,  Assistants,  and 
by  John  B.  Weir,  Subassistant,  in  1879,  1880,  and  1881,  and  between 
Greenville,  Miss.,  and  Arkansas  City,  Ark.,  by  the  Mississippi  River 
Commission,  in  1880  and  1881.  Reduction  by  Charles  A.  Schott, 
Assistant. 

1888 

12 

453-464 

Heights  from  spirit  leveling  of  precision  between  Arkansas  City,  on  the 
Mississippi  River,  and  Little  Rock,  Ark. — Field  work  by  J.  E. 
McGrath,  Subassistant,  in  1887-1888.  Reduction  by  Charles  A.  Schott, 
Assistant. 

1889 

15 

461-468 

Result  of  spirit  leveling  between  tide  water  at  Annapolis,  Md.,  and  the 
Capitol  bench  mark  at  Washington,  D.  C.— From  observations  in 
1875,  by  F.  W.  Perkins,  Assistant.  Report  by  C.  A.  Schott,  As- 
sistant. 

TRIGONOMETRIC  AND  BAROMETRIC  HEIGHTS. 


1 

1854 

34 

05-103 

Measurement  of  heights.— T.  J.  Cram. 

Experimental  comparison  of  the  methods  of  measuring  heights  by  level- 
ing, by  vertical  angles,  by  the  barometer,  and  by  the  boiling-point 
apparatus.— [Errata,  102 : 1865,  p.  xix. 

1868 

7 

124-129 

Trigonometrical  leveling.— R.  D.  Cutts. 

(1)  By  reciprocal  zenith  distances;  (2)  by  zenith  distances  measured  at 
one  station ; (3)  by  observed  zenith  distances  of  the  sea  horizon  ; (4) 
by  observed  angles  of  elevation  or  depression. 

1870 

8 

77-89 

Report  on  the  results  of  barometrical  observations  made  in  connection  with 
the  line  of  spirit  leveling,  from  Raritan  Bay  to  the  Delaware  River,  to 
determine  the  heights,  etc. — R.  D.  Cutts. 

Comparison  of  instruments  and  the  determination  of  personal  errors,  pp. 
77-81 ; the  computations,  pp.  81-89. 

1870 

9 

90-91 

List  of  heights,  above  the  half-tide  level  of  the  ocean,  of  trigonometrical  sta- 
tions determined  by  the  TJ.  S.  Coast  Survey. 

1871 

11 

154-170 

Comparison  of  the  methods  of  determining  heights  by  means  of  leveling,  ver- 
tical angles,  and  barometric  measures,  from  observations  at  Bodega 
Head  and  Ross  Mountain,  California.—  George  Davidson,  C.  A.  Schott. 

(1)  Result  of  the  leveling  operations  ; (2)  results  of  hourly  observations  of 
reciprocal  and  simultaneous  zenith  distances  for  difference  of  heights 
of  the  two  stations  ; tables  1 to  6,  zenith  distances,  atmospheric  pres- 
sure,  etc. ; reduction  of  zenith  distances ; (3)  results  of  hourly  obser- 
**  vations  of  atmospheric  pressure  for  difference  of  heights  of  the  sta- 
tions; diagrams. 

H.  Ex.  43;  pt.  2—26 


402 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


A subject-index  to  the  professional  papers  contained  in  the  annual  reports,  etc. — Continued. 

HYPSOMETRY— Continued. 

TRIGONOMETRIC  AND  BAROMETRIC  HEIGHTS— Continued. 


Tear. 


Appen- 

dix. 


1871 


187G 

1876 


12 


171-175 


338-353 

355-367 


1876 


1876 

1881 


1883 


18  i 368-387 


12 


Subject  and  author. 


388-390 
225-2 03 


289-321 


Report  on  the  leveling  operations  between  Key  port,  on  Raritan  Bay,  and 
Gloucester,  on  the  Delaware  River,  to  determine  the  height  above 
mean  tide  of  the  primary  stations  Beacon  Hill,  Disboro,  Stony  Hill, 
Mount  Holly,  and  Pine  Hill. — R.  D.  Cutts. 

Tidal  stations  ; instruments;  held  operations  and  records;  Tables  I to  V. 

Reprint  of  Appendix  11,  Report  of  1871. 

Observations  of  atmospheric  refraction. — Contribution  No.  II. — C.  A.  Schott. 

Determination  of  several  heights  by  the  spirit  level,  and  measures  of  re- 
fraction hy  zenith  distances  ; also,  observations  of  the  barometer  at 
Ragged  Mountain,  Maine,  by  F.  W.  Perkins. 

(A)  Results  of  the  operations  by  spirit  level  executed  near  the  entrance  of 
Penobscot  Bay  in  1874;  (B)  results  of  observations  of  zenith  dis- 
tances at  Ragged  Mountain  for  atmospheric  refraction ; tables  ; dia- 
gram; meteorological  observations;  (C)  meteorological  observations 
at  Ragged  Mountain,  at  Mount  Desert,  and  at  White  Head  Light; 
two  short  simultaneous  sets;  resulting  differences  of  height. 

Atmospheric  refraction  and  adjustment  of  hypsometric  measures. — Contri- 
bution No.  III.— C.  A.  Schott. 

Determination  of  the  coefficient  of  refraction  from  zenith  distances  ob- 
served in  northern  Georgia,  by  Assistants  C.  O.  Boutelle  and  F.  P. 
Webber,  in  1873  and  1874,  and  adjustment  of  difference  of  heights  by 
the  method  of  least  squares : (1)  results  of  atmospheric  refraction  ob- 
served at  stations  in  northern  Georgia  in  1873-1874  ; tabulated  zenith 
distances ; determination  of  the  coefficient  of  refraction  from  observed 
zenith  distances;  resulting  values  for  coefficient  of  refraction;  (2) 
computation  of  heights  of  stations  from  measured  difference  of  height, 
with  application  of  the  method  of  least  squares  ; heights  above  mean 
sea  level ; adjustment  of  results ; formation  of  conditional  equations  ; 
equations  of  correlatives ; normal  equations ; probable  error  of  result- 
ing heights;  additional  remarks  and  examples  for  adjustment  of 
heights  measured  under  conditions  different  from  those  obtained 
above ; table  of  log.  M and  log.  N ; table  of  logarithms  of  radius  of 
curvature  to  the  earth’s  surface  for  various  latitudes  and  azimuths, 
based  upon  Clarke’s  ellipsoid  of  rotation  (1866)  and  for  the  metric  unit. 

Hypsometric  formulae,  based  upon  thermodynamio  principles. — C.  A.  Schott. 

Meteorological  researches,  Part  III — Barometric  hypsometry  and  reduction 
of  the  barometer  to  sea  level,  by  William  Ferrel. 

Chapter  I,  the  theory  of  barometric  hypsometry ; Chapter  II,  practical 
applications  of  the  theory;  Chapter  III,  reduction  of  the  barometer 
to  the  sea  level ; hypsometrical  tables ; errata  in  Part  II ; diagram. — 
[Illustration  38. J 

Results  of  observations  for  atmospheric  refraction  on  the  line  Mount  Diablo 
to  Martinez,  California,  in  connection  with  hypsometric  measures  by 
spirit  level,  the,  vertical  circle,  and  barometer,  made  in  March  and 
April,  1880,  by  George  Davidson,  Assistant.  Reported  by  Charles  A. 
Schott,  Assistant. 

Introduction ; observations  of  double  zenith  distances  for  the  measure  of 
refraction  and  of  differences  of  height. 

Table  I,  Zenith  distances  of  Martinez  east,  observed  at  Mount  Diablo, 
and  reduced  to  station  marks  at  both  stations,  March  and  April,  1880. 
Table  II,  Zenith  distances  of  Mount  Diablo,  observed  at  Martinez 
east,  and  reduced  to  station  marks  at  both  stations,  March  and  April, 
1880 ; combination  of  the  preceding  tabular  zenith  distances  to  obtain 
a homogeneous  series  of  hourly  mean  values.  Table  III.  Observa- 
tions at  Mount  Diablo,  California,  March  and  April,  1880.  Table  IV, 
Observations  at  Martinez  east,  California.  Table  V,  Diurnal  varia- 
tion in  angle  of  refraction,  in  the  coefficient  of  refraction,  and  in 
error  of  computed  differences  of  height.  Table  VI,  Atmospheric 
pressure  observed  at  Mount  Diablo,  March  and  April,  1880.  Table 
VII,  Atmospheric  pressure  observed  at  Martinez  east,  March  and 
April,  1880.  Tablo  VIII,  Atmospheric  temperature  observed  at 
Mount  Diablo,  March  and  April,  1880.  Table  IX,  Atmospheric  tem- 
perature observed  at  Martinez  east,  March  and  April,  1880.  Table  X, 
Observations  of  atmospheric  humidity  at  Mount  Diablo,  March  and 
April,  1880.  Table  XI,  Observations  of  humidity  at  Martinez  east, 
March  and  April,  1880.  Table  XII,  Observations  at  Mount  Diablo, 
California,  March  and  April,  1880.  Table  XIII,  Observations  at 
Martinez  east.  Table  XIV,  Observations  at  Mount  Diablo,  Cali* 
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fornia,  March  and  April,  1880.  Table  XY,  Observations  at  Martinez 
east,  California.  Table  XVI,  Observations  at  Mount  Diablo,  Cali- 
fornia, March  and  April,  1880.  Table  XVII,  Observations  at  Martinez 
east,  California;  barometric  differences  of  height ; Dr.  Jordan’s  for- 
mula. Table  XVIII,  Values  of  /\h,  computed  [from  Jordan  and 
Riihlmann’s  formulae,  with  apparent  error  in  mean  temperature  t. 
Table  XIX,  Comparison  of  Bauernfeind's  theory  of  refraction  with 
observations  at  Mount  Diablo  and  Martinez  east.  Table  XX,  Com- 
parison of  Jordan’s  theory  of  refraction  with  observations  at  Mount 
Diablo  and  Martinez  east.  Table  XXI,  Rate  of  change  of  tempera- 
ture with  altitude  for  the  stratum  of  air  between  Martinez  east  and 
Mount  Diablo.  Table  XXI  (&),  Rate  of  change  of  temperature  with 
altitude  for  the  stratum  of  air  between  Bodega  Head  and  Ross 
Mountain,  California,  and  comparison  of  observed  and  computed  tem- 
peratures at  these  stations.  Table  XXII,  Comparison  of  deduced 
and  observed  temperatures  of  the  air  at  the  observing  stations  Mar- 
tinez east  and  Mount  Diablo.  Table  XXIII,  Observations  of  the 
direction  and  force  of  the  wind  and  state  of  the  sky  at  Martinez  east, 
California,  March  and  April,  1880.  Table  XXIV,  Observations  erf 
the  direction  and  force  of  the  wind  and  state  of  the  sky  at  Mount 
Diablo,  California,  March  and  April,  1880.  Diagram  of  the  hypso- 
metric measures  at  Mount  Diablo  and  Martinez  east,  California. 


1884 


10 


391-405 


Results  of  a trigonometral  determination  of  the  heights  of  the  stations 
forming  the  Davidson  quadrilaterals.  Observations  by  George  Dav- 
idson, assistant,  1876-1882.  Discussion  by  Charles  A.’ Schott,  assist- 
ant, 1884. 

Introductory  remarks ; accommodation  of  observations  to  Jordan’s  for- 
mulae with  auxiliary  tables ; abstract  of  resulting  vertical  measures 
and  computations  of  heights  of  stations  forming  the  Davidson  quad- 
rilaterals, California ; specimen  of  record  ; specimen  of  abstract  of 
resulting  daily  measures  of  the  zenith  distance  of  the  same  object; 
abstract  of  resulting  zenith  distances  and  of  other  data  for  the  com- 
putation of  heights  involved  in  the  Davidson  quadrilaterals ; result- 
ing differences  of  heights  ; estimate  of  the  probable  error  of  the 
resulting  A h and  determination  of  weights  for  theii  adjustment ; 
adjustment  of  the  measured  differences  of  heights  of  stations  form- 
ing the  connection  of  the  Yolo  base  with  the  principal  triangulatiou 
by  application  of  the  method  of  least  squares  by  the  process  referring 
to  indirect  observations,  with  diagrams;  recapitulation  of  measures. 
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1855 

21 

162, 163 

New  York  City. — Report  of  F.  H.  Gerdes,  Assistant,  on  his  topographical 
survey  of  Manhattan  Island. 

1855 

22 

164 

Report  on  topography  executed  by  the  party  of  Assistant  S.  A.  Gilbert  on 
the  western  and  southern  sides  of  Long  Island. 

1855 

23 

164,165 

Report  on  topography  executed  by  the  party  of  Assistant  A.  M.  Harrison  on 
the  coast  of  New  Jersey. 

1856 

48 

281,  282 

Comparative  maps,  New  York  Harbor. — A.  Boschke. 
Method  of  survey. 

1860 

38 

397 

Table  of  heights  for  the  use  of  topographers. — C.  A.  Schott,  Assistant. 
Height  in  feet  corresponding  to  a given  angle  of  elevation  and  a given 
distance  in  metres,  for  use  in  the  construction  of  contour  lines  by 
plane  tables. 

1865 

22 

203-231 

Treatise  on  the  plane  table  and  its  use,  with  diagrams. — A.  M.  Harrison, 
Assistant. 

Description;  adjustments;  paper;  scales;  projections  for  fieldwork; 
„ three-point  problem ; practical  modes  of  determining  the  position  of 
a fourth  point,  by  resection  upon  three  fixed  points;  Lehmann’s 
method;  Netto’s  method;  Bessel’s  methods;  two-point  problem;  field 
work:  contours;  example;  table  of  heights ; chain;  telemeter;  table 
of  reduction  of  hypothenuse  to  base;  reconnaissance;  office  work.— 
[Sketches  30,31,32.] 
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1879 

11 

191 

Report  on  the  preparation  of  standard  topographical  drawings.— By  Edwin 
Hergesheimer,  Assistant.  [Illustrations  42  to  49.  inclusive.] 

This  paper  was  afterwards  republished  as  the  first  part  of  Appendix  No. 
11.1883. 

1889 

13 

172-200 

A treatise  on  the  plane  table  and  its  use  in  topographical  surveying. — By 
E.  Hergesheimer,  Assistant. 

Description;  alidade,  new  style;  old  style;  adjustments;  field  work; 
three-point  problem;  by  construction;  by  trigonometry ; determina 
tiou  of  position  by  resection  ; Bessel’s  method  by  inscribed  quadrilat- 
eral ; by  construction  of  similar  triangles;  practical  modes  of  deter- 
mining, from  the  triangle  of  error,  the  position  of  a fourth  point  by 
resection  upon  three  fixed  points;  Lehmann’s  method;  Netto’s 
method;  two-point  problem  ; representation  of  the  terrene;  table  of 
heights ; example ; formula  for  determining  heights  by  a vertical  angle 
and  distance  : example;  comparison  of  feet  and  metres;  regular  and 
irrpgular  method  of  determining  curves;  adjustment  of  the  new  ali 
dade  for  observation  of  altitudes;  example;  distance;  stadia;  com 
posed  of  two  parts,  rod  and  telescope  with  vertical  arc ; focal  dis- 
tance; its  relation  to  the  distant  object;  table  for  reduction  of 
hyporhenuse  to  base;  projection  for  held  sheets.—  | Illustrations  49 
to  61.] 

1831 

7 

124, 135 

Type  forms  of  topography,  Columbia  River. — By  E.  Hergesheimer,  Assist- 
ant. 

Discussion  of  the  forms  of  the  hills  and  mountains  of  the  basin  of  the  Co- 
lumbia River  below  Wallula,  with  diagrams.— [Illustration  33.] 

18S3  j 

14 

367,  368 

Report  on  the  preparation  of  standard  topographical  drawings. — By  Edwin 
Hergesheimer,  Assistant. 

List  of  drawings  which  represent  various  special  types  of  topography, 
. with  topographical  drawings  to  be  used  as  guides  for  inking  original 
plane-table  sheets. — [Illustrations,  35  to  50.] 

HYDROGRAPHY.* 


1852 

14 

97,98 

Screw-pile  signals  along  Florida  reef.  — James  Totten. 

1853 

37 

93,94 

Aligning  reflector  or  interranger,  Hunt’s. — E.  B.  Hunt. 

1855 

16 

157-160 

Florida  reef  screw -pile  beacons.— Description  of  signals. — James  Totten. 

1855 

56 

'361 

Specimen  box. — B.  F.  Sands. 

Instrument  for  procuring  specimens  of  bottoms  in  sounding.— [Sketch  55.] 

1855 

60 

365,  366 

Sands's  hydrographic  signal.— B.  F.  Sands. 

Description  and  drawing  of  his  gas-pipe  signal  used  in  the  breakers  on 
Dog  Island  Bar.— [Sketch  54  ] 

1857 

13 

150, 151 

Method  of  sweeping.  — (See  Depths  at  Hell  Gate,  etc.) 

1857 

47 

398-401 

Sounding  apparatus. 

New  method  proposed  by  E.  B.  Hunt  for  sounding  in  moderate  depths. 

1857 

48 

401,  402 

Experimental  soundings  made  with  Hunt's  sounding  apparatus.— W.  G. 
Temple. 

1860 

39 

398 

Sounding  apparatus  (specimen),  Mitchell’s,  for  shallow  water. — [Sketch  40.] 

1856 

18 

133-137 

Depths  in  ohannel  entrances  of  harbors,  rivers,  ports,  and  anchorages  on  the 
coasts  of  the'  United  States. 

1857 

21 

178-184 

The  same.— [Errata,  182, 183 ; 1857,  p.  xviii.] 

1859 

15 

168-171 

The  same. 

1862 

5 

86-92 

1 

The  same. 

* There  are  a large  number  of  appendices  in  the  earlier  reports  of  the  Survey  which  are  properly 
classified  uuder  this  heading,  but  which  have  only  a transient  value,  since  they  relate  to  sailing  direc- 
tions for  entering  harbors,  to  the  establishment  of  light-houses,  the  placing  of  buoys,  etc.,  and  in  gen- 
eral to  hydrographical  conditions  existing  between  thirty  and  forty  years  ago. 
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1874 

17 

66-71 

The  same. 

1883 

7 

137-237 

A table  of  depths  for  the  harbors  of  the  coasts  of  the  United  States. — Pre- 
pared in  outline  by  Comraauder  Edward  P.  Lull,  U.  S.  N.  Expanded 
and  extended  by  j.  S.  Bradford,  Assistant,  and  Mr.  John  W.  Parsons. 

Tides  ; table  of  depths,  Atlantic  coast;  table  of  depths,  Gulf  coast ; table 
of  depths,  Pacific  coast ; table  of  depths,  Pacific  and  Arctic  coasts, 
Alaska  and  eastern  coast  of  Asia. 

1878 



50 

General  instructions  in  regard  to  inshore  hydrography. 

1883 

1-81 

General  instructions  for  hydrographic  work — (One  pamphlet,  octavo,  sepa- 
rately printed.) 

PHYSICAL  HYDROGRAPHY. 


TIDES,  CURRENTS,  WINDS,  AND  SHORE  LINE  CHANGES  DUE  TO  THE  ACTION  OF 

THE  SEA. 


1845 

3 

41-43 

Remarks  on  the  currents  in  Mississippi  Sound  and  changes  in  the  magnetic 
variation  — F.  H.Gerdes. 

1846 

8 

68-70 

Tides  at  the  entrance  of  Mobile  Bay.— C.  P.  Patterson. 

1850 

8 

80-81 

Encroachment  of  the  sea  on  the  south  side  of  Long  Island.— Prof.  A.  G. 
Pendleton. 

1850 

9 

81-82 

Progress  of  Sandy  Hook  from  1848  to  1850. — H L.  Whiting.— [See  Sketch  8 
(B,  No.  4, 1851).  | 

1851 

7 

127-136 

Notes  on  Cat  Island  tides. — A.  D.  Bache. 

Discussion;  table  of  diurnal  and  semidiurnal  curves.— [Sketch  35  (H, 
Nos.  2-6).] 

1851 

8 

136-137 

Graphical  method  of  representing  current  observations,  as  used  in  the  Coast 
Survey. — A.  D.  Bache — [Sketch  3 (A,  No.  3).J 

1851 

28 

482-484 

Beaufort  Harbor,  North  Carolina.— H.  L.  Whiting. 

Operative  causes  ot  its  physical  permanency.  — [Sketch  17  (D,  No.  5).  | 

1851 

31 

488-494 

Florida  coast  reconnoissanee.— F.  H.  Gerdes. 

(A)  Description  ; (B)  survey;  (C)  tides  and  currents;  (D)  railroad  across 
the  peninsula;  (E)  light-houses  and  buoys;  (F)  general  remarks  on 
Cedar  Keys  Harbor.— [Sketches  27,  28,  anti  29.  J 

1851 

50 

528-530 

San  Diego  River  entrance.  -[Sketches  6 and  7.]— {See  C,  statistics ; a,  coast, 
western.) 

1851 

56 

553-558 

Hell  Gate  Channel.— W.  A.  Bartlett. 

Examination  of  reefs  aiid  changes  produced  by  blasting.— [Errata,  p.  ix.] 

1852 

8 

84 

On  Pot  Rock,  Hell  Gate.— W.  A.  Bartlett. 

1852 



12 

U.  S.  Coast  Survey.  Directions  for  observations  of  tides.  Printed  for  the 
use  of  the  tidal  observers  from  the  manuscript  instructions,  1852. 
(Two  illustrations.)  Gideon  & Co.,  printers. 

1852 

22 

111-122 

Discussion  of  Cat  Island  tides. —AD.  Bache. 

Table  I,  Sketch  1,  diurnal  and  semidiurnal  curves  deduced  from  observa- 
tions, with  curves  of  sines;  (A)  diurnal  wave;  heights  and  times; 
II.  Sketch  2,  maximum  ordinates  of  diurnal  curve,  etc. ; III,  Sketch  3, 
effect  of  sun’s  declination  on  height;  IV,  effect  of  moon’s  parallax  ■ 
V and  VI,  coefficients  ; VII,  computed  diurnal  ordinates  compared 
with  observations  ; VIII,  Sketch  8,  residuals  classed  by  ruoon’s'ages  ; 
IX,  same,  corrected  by  change  of  cosines;  X,  difference  of  diurnal 
maximum  ordinates,  from  last  and  from  first  methods  of  groups — 
semidiurnal  effect;  XI,  correction  to  maximum  diurnal  ordinate  for 
high-water  ordinate ; XII  to  XV,  further  r>  sidual  collections;  com 
parison  with  hypothesis  ■,  (B)  semidiurnal  curve;  XVI,  half-monthly 
inequa  ity  in  height;  XVII,  discrepancies  between  observations  and 
formula— [Sketch  25  (H,  Nos.  5-9).]— [Errata,  pp.  115,119,121;  1853, 

p.  182.] 
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Appen- 

dix. 

Pages. 

Subject  and  author. 

1853 

27 

71-76 

Notes  on  tides  at  Key  West. — A D.  Bache. 

Table  I,  half-monthly  inequality  of  tides,  one  year’s  observations;  II,  diur- 
nal iuequality,  with  formula : decomposition  of  the  curves  of  observa- 
tion ; semidiurnal  tides  ; IH,  first  six  months ; IV,  second  six  months ; 
V,  the  whole  year;  diurnal  tides;  VI,  effect  of  moon’s  declination ; 
VII,  moon’s  age : changes  of  mean  level ; VIII,  height  of  high  water 
referred  to  moon's  age,  first  and  second  months;  IX,  monthly  mean 
level.— [Sketches  27  (F,  No.  4)  and  28  (F,  No.  5)  ] 

1853 

28 

77-81 

Notes  on  tides  at  Rincon  Point,  Cal. — A.  D.  Bache. — | Tables  I to  IV.] — 
[Sketch  48  (J,  No. 7)]. 

1853 

1853 

29 

81-82 

Notes  on  the  tides  at  San  Francisco,  Cal  —A.  D.  Bache. 
Sandy  Hook  changes.— [Sketch  8 (B,  No.  3).] 

1853 

1854 

38 

94-96 

Self- registering  tide  gauge,  Saxton’s. — E.  B.  Hunt. — [Sketch  54.] 
Craven’s  current  indicator.— [Sketch  55.] 

1854 

14 

21-23 

Beaufort  Harbor,  North  Carolina.— J.  N.  Maflit. 

Its  capacity,  changes,  and  improvements.— [Sketch  23.  | 

1854 

29 

35-37 

Nantucket  and  Vineyard  Sound  tides. — H.  Mitchell. 

Method  of  securing  Mitchell’s  tide  gauge;  remarks  on  swells.— [Sketch  57.] 

1854 

30 

37-40 

Western  coast  tidal  and  magnetic  observations. — W.  P.  Trowbridge. 

1854 

45 

147-152 

Cotidal  lines,  Atlantic. — A.  D.  Bache. 

Preliminary  determinations  of  cotidal  lines  on  the  Atlantic  coast  of  the 
United  States,  from  Coast  Survey  observations.  Table  I,  observa- 
tions for  cotidal  hours;  II,  cotidal  hours  of  ports  on  the  Atlantic 
coast;  III,  rate  ana  trend  of  cotidal  lines. — [Sketch  26.]— [Errata,  151 ; 
1855,  p.  xix.] 

1854 

46 

152-155 

Diurnal  inequality,  western-coast  tides. — A.  D.  Bache. 

Comparison  of  the  diurnal  inequality  of  the  tides  at  San  Diego,  San  Fran- 
cisco, and  Astoria,  with  tables.— [Sketch  49.]— [Errata,  153;  1855, 
p.  xix.] 

1854 

48 

161-160 

On  the  currents  of  Nantucket  Shoals. — C.  A.  Schott. 

On  the  currents  of  Nantucket  Shoals,  from  Coast  Survey  current  observa- 
tions.— Table  I,  mean  direction  ; II,  maximum  velocity  ; III,  groups 
of  luni-current  intervals.— [Sketch  f3  (A,  No.  12).] — [Errata,  pp.  165, 
166:  1855,  p.  xix.] 

1854 

49 

166-168 

Muskeget  Channel  and  Marthas  Vineyard  currents.— C.  A.  Schott. 

Table  showing  the  currents  and  rate  of  current  in  Muskeget  Channel  and 
on  the  northeast  coast  of  Marthas  Vineyard ; velocity  of  current; 
duration  of  ebb,  flood,  and  slack  water  ■ current-establishments. — 
[Sketch  14  (A,  No.  13) ; also,  1855,  Sketch  6.]— [Errata,  pp.  167,168: 
1855,  p.  xix.] 

1854 

50 

108-179 

Tides,  Long  Island  Sound  and  approaches. — C.  A.  Schott. 

Table  I,  range,  or  mean  rise  and  fall  of  tides,  to  April,  1853 ; II,  corrected 
or  mean  establishments,  to  April,  1853 ; III,  set  and  maximum  rates 
of  ebb  and  flood  streams ; IV,  luni  current  interval  for  beginning  of 
outgoing  streams;  eastern  part  of  the  Sound,  1846-’47  ; western  part 
of  New  York  Bay  and  channel,  1844;  New  York  Harbor,  1844-’45 ; 
Hell  Gate,  1845;  Hell  Gate  and  Throgs  Neck,  1846;  V,  mean  dura- 
tion of  slack  waters  and  of  respective  ebb  and  flood  streams,  from 
the  middle  (time)  of  one  slack- water  period  to  that  of  the  next;  VI, 
irregularity  of  luni-current  intervals  of  successive  tides. — [Sketch  16 
(B,  No.  2).]  — [Errata,  pp.  172, 174:  1855,  p.  xix.] 

1854 

52 

189-190 

Current-bottles. 

One  from  Mobile  Bay  to  Mosquito  Inlet  and  one  from  Cape  Florida  to 
Jupiter  Inlet. 

1854 

53 

190-191 

Seacoast  tide-gauge. — H.  Mitchell. 

Description  of  tide-gauge  used  at  stations  on  the  open  seacoast  and  in 
situations  exposed  to  strong  currents. — [Sketch  57.]— (See,  also, 
35-37.)— [Errata,  for  Sketch  K read  Sketch  57.] 

1855 

23 

164-165 

Sandy  Hook  changes.  — [See  New  Jersey,  etc.]— A.  M.  Harrison.— [Sketch 
No.  9.  ] 

1855  j 

1 

170-171 

Remarks  by  Mr.  Boschke  on  survej's  made  at  different  periods  in  New  York 
Harbor. 
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Year. 

Appen 

dix. 

Pages. 

Subject  and  author. 

1855 

33 

222-223 

Nantucket  Sound.— H. Mitchell. 

Tidal  observations;  interference-phenomena. 

1855 

50 

338-342 

Pacific  co-tidal  lines. — A.  D.  Bache. 

Tidal  observations. — Table  I,  tide  stations  on  the  western  coast  of  the 
United  States ; II,  data  for  co-tidal  lines  of  the  Pacific  coast  of  the 
United  States ; co-tidal  hours ; co-tidal  groups ; III,  discussion  of 
the  middle  group  between  Cape  Mendocino  and  Point  Conception. — 
Chart  of  co-tidal  lines.— [Sketch  49.] 

1855 

51 

342-346 

Earthquake  waves,  Pacific  Ocean. — A.  D.  Bache. 

Notice  of  earthquake  waves  on  the  western  coast  of  the  United  States, 
December  23  and  25, 1854;  computation  of  ocean  depth.— [Sketch  50 
( J,  No.  9).]— [Errata,  pp.  342,  345 : 1855,  p.  xviii.] 

1855 

52 

346-347 

Gulf  ot  Mexico  tides — A.  D.  Bache. 

Observations  and  type  curves  at  the  several  stations,  showing  their  de- 
composition into  diurnal  and  semidiurnal  tides. 

1856 

34 

249-251 

Prediction  tables  — A.  D.  Bache. 

Notes  on  the  progress  made  in  their  preparation  with  reference  to  tides  of 
Boston  Harbor. 

1850 

35 

252-260 

Co-tidal  lines,  Gulf  of  Mexico. — A.  D.  Bache. 

Discussion  and  preliminary  determination.— Table  I,  diurnal  wave ; II, 
stations,  etc.;  Ill,  diurnal  intervals;  IY,  tide  elements  of  the  sta- 
tions; Y,  semidiurnal  tides;  YI,  comparison  of  establishments  of 
diurnal  and  semidiurnal  tides  in  the  Gulf  of  Mexico.— [Sketches  35 
and  36.] 

1856 

36 

260-261 

Type  curves,  Gulf  of  Mexico. 

'Descriptive  references  to  Sketch  No.  38,  representing  the  decomposition 
of  curves  of  observations.— [Sketch  38.] 

1856 

37 

261-263 

Interference  tides.— H.  Mitchell. 

On  observations  made  in  Nantucket  and  Marthas  Yineyard  sounds. 

1856 

38 

263-264 

Tidal  currents  at  Sandy  Hook. — A.  D.  Bache. 

Notes  on  the  causes  of  northwardly  increase  of  the  peninsula.  — [Errata, 
p.  264  : 1856,  p.  xx.] 

1856 

39 

264-266 

New  York  Harbor  and  dependencies.— H.  Mitchell. 

On  tidal  and  current  observations  made  in  New  York  Harbor,  city  docks, 
Newark  Bay,  and  the  Kills. 

1856 

40 

266-267 

Hudson  River. — G.  Wiirdemann. 

On  tidal  observations  made  between  Albany  and  New  York  City. — 
[Sketch  6.] 

1856 

43 

271-272 

Winds  of  Albemarle  Sound. — L.  F.  Pourtales. 

Discussion  of  their  effect  upon  the  tides. — [Sketch  16.  J 

1856 

44 

272-276 

Winds  in  the  Gulf  of  Mexico.— A.  D.  Bache. 

Discussion  relative  to  the  disturbance  caused  in  the  intervals  of  successive 
tides  at  several  stations  on  the  Gulf  coast. — Table  I,  quantity  and 
direction  of  wind  at  Key  West,  Fla.,  1851-52 ; II,  at  Fort  Morgan. 
Ala.,  1847— ’49 ; III,  at  Gaiveston,  Tex. 

1856 

45 

276-278 

Winds  and  tides  in  Cat  Island  Harbor. — Results  deduced  by  G.  W.  Dean,  As- 
sistant, from  observations  made  by  G.  Wurdemann  and  R.  T.  Bas- 
sett.—[Sketch  39.] 

1856 

46 

279-280 

Cards  from  current-bottles. 

Picked  up  on  the  shore  of  Loggerhead  Key,  Fla.,  and  on  the  North  Caicos, 
Bahamas. 

1857 

16 

152-153 

Beaufort  Harbor,  North  Carolina. — C.  R.  P.  Rodgers. 

Present  condition  of  bar  and  anchorage. — [Sketches  29  and  30.] 

1857 

17 

153-155 

Cape  Fear  Entrances,  North  Carolina. — J.  N.  Maflit. 

Elements  of  physical  changes  wrought.— [Sketch  33 ; also,  1855,  Sketch  16.] 

1857 

33 

342-347 

Atlantic  coast  tides  — Generalization  of  heights  relative  to  the  configuration 
of  the  coast. — A.  D.  Bache. 

Table  I (A),  heights  of  tides  on  the  Atlantic  coast  of  the  United  States ; 
II  (B),  on  the  coast  of  Cape  Breton  and  New  Brunswick.— [Sketch  65.] 
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Year. 

Appen- 

dix. 

Pages. 

Subject  and  author. 

1857 

35 

350-354 

Tides  and  currents  in  the  Nantucket  and  Vineyard  sounds  and  in  East 
River.— H.  Mitchell. 

Hell  Gate  and  vicinity,  tides  and  currents;  Hudson  River  levelings; 
Nantucket  and  Marthas  Vineyard  sounds,  tides  and  currents. 

1857 

36 

354-358 

Winds  on  the  western  poast. — A.  D.  Baohe. 

Table  for  deducing  from  the  three  daily  observations  the  mean  of  the  day, 
quantities  of  wind,  tables  for  Astoria,  San  Francisco,  and  San  Diego, 
and  special  wind  statistics.— [Sketch  66.] 

1857 

37 

' 358-373 

New  York  Harbor;  report  of  advisory  council. 

Physical  causes  of  changes:  (1)  Changes  at  Sandy  Hook;  (2)  northern  side 
of  entrance,  Coney  Island  and  south  shore  of  Long  Island  ; (3)  New 
York  bar;  (4)  New  York  Upper  Bay ; (5)  Newark  Bay;  (6)  Hudson 
River;  (7)  East  River  to  Throg’s  Neck;  statistic  extracts.— [Errata, 
p.  272 : 1858,  p.  xx.] 

1857 

49 

402-403 

Tide  gauge,  Trenchard’s. 
[Sketch  72.] 

1857 

50 

403-404 

Tide  gauge  for  deep  water,  Mitchell’s.  • 
[Sketch  72.] 

1858 

13 

150-151 

Cape  Fear  entrances.— T.  B.  Huger. 

Recent  changes  in  the  hydrography. — [Sketches  12  and  13.] 

1858 

27 

197-203 

New  York  Bay  and  Sandy  Hook — A.  D Bache. 

On  the  character  of  the  tidal  currents  in  the  vicinity  of  the  bar:  (1) 
Normal  currents  at  the  entrance  to  New  York  Bay;  (2)  False  Hook 
Channel  and  the  approaches ; (3)  currents  of  Sandy  Hook  Bay.— Tables 
I to  IV,  lunar  time,  duration,  velocity,  and  direction  of  currents;  V 
and  VI,  velocities  corrected  for  diurnal  and  half  monthly  inequalities. 
—|  Sketch  39,  | 

1858 

28 

204-207 

East  River  and  New  York  Bay.— H.  Mitchell. 

On  the  observations  of  surface  and  subcurrents. 

1858 

30 

210-213 

Co-tidal  lines  of  an  inclosed  sea,  as  derived  from  the  equilibrium  theory. — 
Benjamin  Peirce. 

(I)  General  theory ; (2)  its  modification  by  the  incompleteness  of  the  in- 
closure. 

1858 

31 

213-216 

Dynamics  of  ocean  currents.— E.  B.  Hunt. 

1858 

38 

247-248 

Sounding  apparatus  and  tide  meter,  proposed  by  E.  B.  Hunt.— J.  M.  Batch- 
elder. 

Notes  on  its  principles  and  application. 

1859 

26 

311-317 

New  York  Harbor.— H.  Mitchell. 

On  its  physical  survey,  with  description  of  apparatus  for  observing  the 
currents. — [Sketch  40  ] — [Errata,  p.  317;  I860,  p.  xx  ] 

1859 

28 

320-321 

Current  cards  thrown  from  the  surveying  steamer  Corwin,  and  found  on  the 
eastern  coast  of  Florida. 

1859 

35 

365-366 

Tide  meter. — J.  M,  Batchfdder. 

Results  of  experiments  made  with  the  apparatus  devised  by  E.  B.  Hunt. 

1860 

41 

399-402 

Labrador  expedition. — A.  Murray. 

Report  of  a voyage  of  steamer  Bibb,  and  remarks  on  the  winds  and  tides. 

1862 

9 

126-128 

Cotidal  lines  of  the  Gulf  of  Mexico,  deduced  from  recent  observations. — A. 
D.  Bache. 

Tables  of  diurnal  and  semi-diurnal  tides.  —[Sketch  46.] 

1862 

• 

24 

238-241 

Earthquake  waves. — A.  D.  Bache. 

Reprint  of  a paper  deducing  the  depth  of  ihe  Pacific  Ocean  from  the  effect 
of  the  Simoda  earthquake  on  the  tide  gauges  in  California  and  Oregon 
in  1854. — [Sketch  50.] 

1864 

6 

57 

Beaufort  Harbor.— E.  Cordell. 

Development  of  changes  at  the  bar  and  in  the  channel. 

1864 

9 

91-92 

i Tides  at  Tahiti,  South  Pacific  Ocean. — Their  general  character. — J.  Rodgers 
J [Sketch  40.] 
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1865 

5 

45 

Entrance  to  Cape  Fear  River.  North  Carolina. — J.  S.  Bradford. 
Hydrographic  changes. — [Sketch  13.] 

1865 

11 

138 

Explanation  of  diagram  of  type  curves  of  the  tides  on  the  Pacific  coast. 
[Sketch  26.] 

1866 

6 

44-46 

Hell  Gate  tides  (East  River,  N.  Y.).— H.  Mitchell. 

Preliminary  report  on  the  interference  tides  of  nell  Gate,  with  directions 
for  reducing  the  soundings. — Table  of  relative  elevations  of  tidal 
planes  from  observations ; tides  and  currents  of  Hell  Gate,  from 
observations  of  1857. 

1866 

18 

113-119 

Tidal  observations  at  Cat  Island,  Gulf  of  Mexico:  Notes  of  a discussion.— 
Bache 

(Reprinted  from  the  report  for  1851.) — [Sketch  30  ] 

1853 

26 

67-70 

Tide  tables  for  the  use  of  navigators,  with  description  of  bench  marks, 
explanations  and  examples  for  use. — A.  D.  Bache. 

1851 

51 

180-189 

Tide  tables  for  the  use  of  navigators.— A.  D.  Bache.— [Errata,  181,  182,  183, 
185:  1855,  p.  xx.] 

1855 

53 

347-359 

Tide  tables  for  the  use  of  navigators. — A.  D.  Bache. — | Errata,  349,  351,  353, 
354,  358:  1857,  p.  xviii.] 

1856 

17 

120-133 

Tide  tables  for  the  use  of  navigators.— A,  D.  Bache.  — [Errata,  130:  1856, 
p.  xx.) 

1857 

20 

157-178 

Tide  tables  for  the  use  of  navigators. — A.  D.  Bache. 

1858 

43 

275-297 

Tide  tables  for  the  use  of  navigators.  — A.  D.  Bache.— [Errata,  279:  1859, 
p.  xvi.  | 

1859 

14 

136-167 

Tide  tables  for  the  use  of  navigators.— A.  D Bache.  — [Errata,  145:  1860, 

p.  XX.] 

1860 

16 

131-164 

Tide  tables  for  the  use  of  navigators.— A,  D.  Bache —[Errata,  161:  I860, 

p.  XX.] 

1861 

9 

98-131 

Tide  tables  for  the  use  of  navigators.— A.  D.  Bache. 

1862 

8 

93-126 

Tide  tables  for  the  use  of  navigators. — A,  D.  Bache. 

•1863 

12 

84-117 

Tide  tables  for  the  use  of  navigators.— A.  D.  Bache. 

1861 

8 

58-90 

Tide  tables  for  the  use  of  navigators.— A,  D,  Bache. 

1866 

7 

47-49 

Predictions  for  Eastport,  as  a specimen.* 

1867 

12 

149-157 

Provincetown  Harbor,  Massachusetts.—  Special  survey  — H.  L Whiting. 

1867 

13 

158-169 

Tides  and  currents  of  Hell  Gate,  N.  Y.— H.  Mitchell. 

General  scheme  of  tides  and  currents  : (1)  General  scheme  of;  tidal  interfer- 
ence; observations  and  results;  curves.  (2)  Tides  from  stations  se- 
lected as  characteristic  for  New  York  Harbor  and  its  approaches, 
1857-’58,  with  diagram ; intervals  and  heights  of  tides  from  simulta- 
neous observations,  May  and  June,  1857,  arranged  according  to  hour 
of  transit ; curves  of  half-monthly  inequalities.  (4)  Restoration  of 
level  between  gauges  at  Hell  Gate  Ferry  and  Pot  Cove,  1857  dia- 
gram. (5)  Currents  of  New  York  Harbor;  general  scheme  of  cur- 
rents, graphic. 

1867 

14 

170-175 

Merrimack  River,  Massachusetts.— H.  Mitchell. 

Surveys  respecting  its  navigation,  with  tables. — [Sketch  2.] 

1867 

15 

176-179 

Report  on  soundings  made  to  develop  the  character  of  the  Strait  of  Florida 
between  Key  West  and  Havana.  By  H.  Mitchell.  * 

1868 

15 

51-102 

Discussion  of  the  tides  in  Boston  Harbor. — W.  Ferrel. 

The  observations  and  the  locality ; expression  of  the  disturbing  forces ; 
tidal  expressions:  object  and  plan  of  discussion. — Tables  I,  II,  III, 
and  I V,  of  average  normal  values  ; V,  the  constant  or  mean  tide  ; the 
semimonthly  inequality ; VI,  inequality  depending  upon  the  moon's 

' 

*In  1866  was  begun  the  separate  publication  of  Tide  Tables,  predicting 
for  one  year  in  advance  the  tides  on  the  -Atlantic  and  Pacific  coasts  . 
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mean  anomaly ; VII,  inequality  depending  upon  the  moon’s  longi- 
tude ; VII  bis,  inequality  depending  upon  the  sun’s  anomaly  and  lon- 
gitude; VIII, inequality  depending  upon  the  moon’s  node;  IX, ine- 
qualities depending  upon  >y8  and  tj9;  diurnal  tide;  recapitulation  of 
results;  comparisons  with  the  equilibrium  theory  ; determination  of 
the  general  constants  ; comparisons  with  the  dynamic  theory ; pre- 
diction formulas  and  Tables  I-XI;  computation  of  a tidal  ephemeris  ; 
conclusion ; example  of  the  computation  of  a tidal  ephemeris. 


1868 


103-108 


Mode  of  forming  a brief  tide  table  for  a chart,  with  example.  — R.  S.  Avery.— 
(Sketch  29.] 


1869  5 


75-104 


Reclamation  of  tide  lands,  and  its  relation  to  navigation. — H.  Mitchell. 

(1)  General  discussion  ; scour  of  tidal  and  river  currents  ; general  rule  of 
bar-scouring;  parallel  works;  transverse  works ; physical  history  of 
salt  marshes;  shingle  levees;  other  natural  levees;  Peirce’s  crite- 
rion; (2)  fieldwork;  Green  Harbor  River  ; North  River;  tabular  sec- 
tions of  shingle  levees;  sand  beach;  section  of  slueway  formed  by 
Minot’s  gale;  general  rise  ; local  changes  of  heights  of  tide — tables; 
elfect  of  a dam  ; general  conclusions  relative  to  the  projects  of  recla- 
mation ; shore  of  Nahant ; tabular  sections  ; maps  and  diagrams  (in 
text). 


1869 

1869 


13 


233-234 


Abstract  of  a paper  read  before  the  National  Academy  of  Sciences,  April  16, 
1869,  on  the  earthquake  wave  of  August  18, 1868 ; wave  table. — J.  E. 
Hilgard. 


15 


236-259 


Reports  concerning  Marthas  Vineyard  and  Nantucket.— H.  L.  Whiting  and 
H.  Mitchell. 

(A)  Edgartown  Harbor,  changes ; Vineyard  Haven,  its  character  as  a port 
of  refuge  and  its  present  condition  ; Table  I,  exposure  of  anchorages 
in  Provincetown  Harbor;  II,  in  Vineyard  Haven;  III,  in  Great 
Woods  Hole;  IV,  in  Tarpaulin  Cove ; V,  in  Edgartown  Roadstead ; 

• VI,  in  Old  Stage  Harbor;  VII,  in  New  Bedford  Harbor  and  Quick’s 
Hole;  VIII,  in  Plymouth  Harbor ; IX,  in  Boston  Harbor  and  Nan- 
tasket  Roads;  X,'in  Boston  Harbor  and  Hull  Bay;  XI,  in  Boston 
Harbor  and  Presidents  Roads  and  Georges  Roads ; XII,  in  Marble- 
head Harbor ; XIII,  at  Salem  Harbor ; XIV,  at  Gloucester  Harbor  ; 
XV,  in  Lower  Bay,  New  York  Harbor;  XVI,  in  Upper  Bay,  New 
York  Harbor;  XVTI,  anchorage  room  and  average  exposure  in  the 
respective  harbors.  (B)  Surveys  of  summer,  1871:  (1)  Physical  aspect 
and  peculiarities;  (2)  Edgartown  tides,  difference  of  heights  ; (3)  Nan- 
tucket tide  table  ; (4)  elements  of  the  field  work. 


1870 


5 


66-69 


Tabular  statement  of  results  of  computed  tide  tables  for  charts  of  the  west- 
ern coast  of  the  United  States.— R.  S.  Avery. 


1870 


6 70-74  Mode  of  forming  brief  prediction  tide  tables. — R.  S.  Avery. 


1870 


10 


92-97  Description  of  bench  marks  at  tidal  stations. 


1870 


1870 

1870 


11  98-99 

18  180-181 
20  ' 190-199 


Extract  from  a report  relative  to  a method  of  determining  elevations  along 
the  course  of  a tidal  river,  without  the  aid  of  a leveling  instrument,  by 
setting  up  graduated  staves  at  such  distances  apart  that  the  slacks  of 
the  tidal  currents  extend  from  one  to  another. — Rule:  The  difference 
in  the  elevations  of  the  zeros  of  the  gauges  is  equal  to  one-half  the 
sum  of  the  differences  of  their  readings  at  the  two  slack  waters. — 
Henry  Mitchell. 

On  the  probable  effect  of  extended  piers  in  modifying  the  channel  facilities 
of  San  Francisco  Bay,  near  Yerba  Buena  Island. — Henry  Mitchell. 

On  the  moon’s  mass,  as  deduced  from  a discussion  of  the  tides  of  Boston  Har- 
bor.— William  Ferrel. 


1871 

1871 

1871 


6 

7 

8 


93-99 


Meteorological  effects  on  tides. — William  Ferrel. 

Graphic  representation  of  the  relative  amounts  and  direction  of  the  wind 
for  each  of  the  four  seasons  for  Boston. 


100-108  Meteorological  register,  St.  Paul  Island,  Alaska,  1870-’71.  By  Capt.  Charles 
Bryant,  special  agent  Treasury  Department. 

110-133  j Harbor  of  New  York,  1873.— Henry  Mitchell. 

Increase  of  Jersey  Flats  ; diagram  A ; changes  in  Buttermilk  Channel ; 
changes  in  the  vicinity  of  Middle  Ground  Shoal  and  Gowanus  Bay ; 
changes  at  and  near  the  Sandy  Hook  entrance  ; tides  and  currents  ; 
phenomena  in  the  pathway  of  the  Hudson  ; movement  through  East 
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River;  East  River  and  Hudson  tidal  current  compared ; relations  of 
East  River  movements  to  those  over  the  bar;  Tables  1 to  17 ; dia- 
grams B,  C,  D. — [Sketches  30,  31,  32.] 

3871 

9 

134-143 

Nauset  Beach  and  Monomoy  Peninsula. — H.  Mitchell. 

Physical  history  of  the  neighborhood  of  Monomoy  (Sketch  No.  35) ; recent 
movement  of  Chatham  Beach  in  detail ; tables. 

1871 

10 

144-153 

Location  of  harbor  lines.— Henry  Mitchell. 

Value  of  tidal  volume;  encroachment  on  the  channels;  isodynamic  lines 
(Sketch  No.  35);  example;  anchorage  and  winding  room ; requisite 
depths  of  frontage ; length  of  slips  ; riparian  rights ; laws  establish- 
ing harbor  lines. 

1872 

6 

69-72 

Field  and  office  work  relating  to  tides. — R.  S.  Avery. 

1872 

7 

73,  74 

Maxima  and  minima  of  tides  on  the  coast  of  New  England  for  1873.— William 
Ferrel. 

1872 

10 

177-212 

Harbors  of  Alaska  and  the  tides  and  currents  in  their  vicinity. — W.  H. 
Dali.— [Sketch  No.  18.] 

Statistics;  notes  on  the  North  Pacific  current:  hydrographic  notes  on 
Captains  Bay  and  vicinity;  meteorology  of  Unalashka;  tides  of 
Iliuliuk;  compound  tides:  semidiurnal  tides;  tide  referred  to  the 
lower  transits;  to  the  upper  transits;  semidiurnal  tides;  tidal  cur- 
rent of  Unalashka;  the  Alaska  current;  its  effect  on  the  climate  ot 
the  Aleutian  district;  the  circular  current  of  Bering  Sea;  the  Shu- 
magin  Islands  ; western;  eastern;  miscellaneous  hydrographic  notes; 
meteorological  observations  from  September,  1871,  to  October,  1872  ; 
current  observations;  tides  of  Iliuliuk. 

1872 

16 

257-261 

Middle-ground  shoal,  New  York  Harbor. — H.  Mitchell. 
Tables  of  current  observations.— [Sketch  No.  22.] 

1872 

17 

262-265 

Shore  line  changes  at  Edgartown  Harbor,  Mass. — H.  L.  Whiting. — [Sketch 
No.  23.] 

1873 

8 

91-102 

Physical  survey  of  Portland  Harbor.— H.  Mitchell. 

Correspondence;  sections  1 to  10  for  velocities  of  tidal  current ; diagrams 
of  the  ten  sections. 

1873 

9 

103-107 

Additional  report  concerning  the  changes  in  the  neighborhood  of  Chatham 
and  Monomoy.— H.  Mitchell. 

The  real  point  of  interest ; corrections  of  previous  paper ; results  of  the 
last  survey,  tables,  diagrams. 

3873 

10 

108,109 

Changes  in  the  submerged  contours  off  Sandy  Hook.— [Tables,  diagram.]— 
Henry  Mitchell. 

1874 

12 

135-147 

Terminal  points  of  the  proposed  canals  through  Nicaragua  and  the  Isthmus 
of  Darien. — H.  Mitchell. 

Greytown;  history  of  the  harbor;  causes  of  its  decline  and  final  destruc- 
tion ; the  work  of  restoration;  obstructions  of  the  lower  San  Juan; 
recapitulation ; result  of  foregoing  discussion ; Urabh  mouth  of  the 
Atrato;  conclusions  relative  to  the  improvement  of  the  Uraba,- 
Brito;  conclusions;  Limon  and  Chiri  Chiri  Bays;  general  exposure. 

1874 

268 

Tidal  researches.— William  Ferrel. — (Four  illustrations.) 

1874 

16 

154 

Ocean  salinometer.— J.  E.  Hilgard. 

1874 

16 

On  the  air  contained  in  sea  water. — By  Oscar  Jacobsen.  Republished  for  the 
U.  S.  Coast  Survey  from  Annals,  Ch.  and  Ph.,  Vol.  167, 1873. 

1875 

11 

189-193 

Recent  observations  at  South  Pass  Bar,  Mississippi  River. — [Sketch  No.  24 ; 
tables.]— H.  Mitchell. 

3875 

12 

194-221 

Discussion  of  tides  in  blew  York  Harbor.— William  Ferrel. 

General  plan  and  immediate  object  of  the  discussion ; adopted  notations  ; 
averages  deduced  from  the  observations;  Tables  I to  VI;  semidiurnal 
tides,  half-monthly  inequality  ; lunar  parallactic  inequality  ; mean 
lunar  declinational  inequality ; lunar  nodal  inequality ; solar  declina- 
tional  and  parallactic  inequalities;  mean  sea  levei;  diurnal  tide; 
Table  VII : comparison  of  theory  with  observation  ; practical  appli- 
cation; directions  for  computing  a tidal  ephemeris.  Appendix:  Ta- 
bles I to  IV,  for  computing  heights  and  times  of  high  water ; example. 
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1875 

18 

293-314 

Observations  on  certain  harbor  and  river  improvements  collected  on  a voy- 
from  Hor.gkong,  via  Suez,  to  New  York. — George  Davidson. 
jr«,»asaki;  Shanghai;  Hongkong;  Canton;  Singapore;  Penang;  Cal- 
cutta; Bombay;  Suez  and  canal;  destructive  action  by  passing  ves- 
sels; current  through  the  canal;  saltness  of  water;  tides;  break- 
water at  Port  Said;  dredging,  estimate  of  cost;  Alexandria  ; Naples; 
Genoa;  Swinemunde;  Copenhagen;  Kiel;  Hamburg;  Bremerhafen; 
Wuhelmshafen ; Amsterdam  Canal;  entrance-locks  and  sluices ; the 
bdton  blocks;  North  Sea  Harbor  Breakwater;  design;  method  of 
building;  dam  at  Schellingwonde,  eastern  extremity  of  the  Amster- 
dam Canal-;  difficulties  of  construction;  Cherbourg;  docks;  break- 
water; Brest;  docks;  Admiralty  Pier,  Dover;  construction;  cost; 
Portland  Breakwater;  ripraps;  description;  cost;  Holyhead  Break- 
water; Alderney  Breakwater;  conclusions;  fascinage  for  break- 
water foundations ; river  improvements. 

1875 

20 

3H  MV 

rU 

102 

Meteorological  researches  for  the  use  of  the  Coast  Pilot. — [Sketches  31  to 
37.] — William  Ferrel. 

Prefatory  note  by  C.  P.  Patterson,  Superintendent. 

Part  I.  On  the  mechanics  and  general  motion  of  the  atmosphere. 

Chapter  I.  General  equations  of  the  motions  and  pressure  of  the  atmos- 
phere. 

Chap'erll.  The  temperature  and  pressure  of  the  atmosphere  at  the 
earth’s  surface  obtained  from  observation ; Tables  I to  Y ; Tables 
VI  to  X,  of  distribution  of  atmospheric  pressure. 

Chapter  III.  The  general  motion  ot  the  atmosphere ; Table  XI,  veloci- 
ties ; Table  VII,  direction  and  velocities.  [Errata,  §§  8,9,  13,15,42  ] 

1875 

22 

800 

On  tides  and  tidal  action  in  harbors  — By  Prof.  J.  E.  Hilgard.  Reprinted 
from  Smithsonian  Report  for  1874. 

1876 

8 

BO-142 

' 

Methods  of  registering  tidal  observations.— R.  S.  Avery. 

Bench-marks;  tidq-gaugoo;  self- registering  tide-gauges;  diagrams;  how 
to  use  three  roller  gauge  ; large  cylinder  gauge;  tabulating  high  and 
low  water;  hourly  readings ; scales  of  heights;  time,  precautions. 

1876 

1/ 

143-146 

Changes  in  the  harbor  of  Plymouth.  Mass  — H.  Mitchell. 

[Sketch  No.  22.]  Champlain  (1605);  Blaskowitz  (1774);  general  conclu- 
sions and  remarks. 

1876 

(J 

147-185 

Physical  survey  of  New  York  Harbor. — H.  Mitchell. 

Section  XXXVI,  Table  A ; positions  of  origins  and  termini  of  sections  ex- 
amined in  1872-’73-’74-’75 ; transverse  curves  of  velocity,  and  perim- 
eters ; Sections  I to  XXXVII. 

1876 

11 

186-189 

Report  concerning  the  location  of  a quay  or  pier  line  in  the  vicinity  of  the 
United  States  navy-yard  at  New  Yoik. — Henry  Mitcbell. 

Sections  VI  to  VIII. — [Sketch  No.  23.] 

'"Klf 

12 

190, 191 

Review  of  the  characteristics  of  South  Pass,  Mississippi  River.— Henry 
Mitchell. 

wn 

8 

98-103 

Alleged  changes  in  the  relative  elevations  of  land  and  sea.— Henry  Mitchell 
Salt  marshes;  rocks;  Perce  Rock;  Isle  Perc6;  Green  Ledge ; Alary  Ann 
Rocks;  Bulwark  Shoal;  Drunken  Ledge;  Brazil  Rock;  Jig  Rock, 
Trinity  Ledge;  Harding’s  Ledge  ; Great  Ledge. 

1877 

9 

104-107 

Apparatus  for  observing  currents.— H.  L.  Marindin. 
Description  of  floats ; diagram. 

1877 

10 

108-113 

Optical  densimeter  for  ocean  water.— J.  E.  Hilgard,  Assistant  in  charge  o‘f 
office. 

1877 

14 

184-190 

Density  of  the  waters  of  the  Chesapeake  Bay  and  its  principal  estuaries.— 
Lieut.  Frederick  Collins,  U.  S.  N.,  Assistant. 

Iustrumeuts  employed;  specific  gravity;  method  of  working;  explana 
tion  of  tables  in  the  full  report. 

1878 

9 

121-175 

Physical  survey  of  the  Delaware  River  at  Philadelphia.— Henry  Mitchell, 
Assistant. 

The  channel : form  of  cross  section ; section  7£,  Southwest  Pass,  Missis- 
sippi River:  diagram  A;  the  Delaware;  location  of  the  channel; 
cross-section  diagram  B ; table;  diagram  C ; tables;  tables  of  trans- 
verse curves  of  velocity  ; diagram  D. 
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1878 

10 

176-267 

206 

243 

Meteorological  researches  for  the  use  of  the  Coast  Pilot. — William  Ferrel. 
JPart  II.  Ou  cyclones,  waterspouts,  and  tornadoes. 

Chapter  I.  The  theory  of  cyclones. 

Chapter  IT.  Practical  application  of  the  theory  and  comparison  with 
observation. 

Chapter  III.  Tornadoes,  hail  storms,  and  waterspouts. — [Sketches  Nos. 
33  to  38.  J 

1878 

11 

268-304 

Tides  in  Penobscot  Bay. — William  Ferrel. 

I,  general  principles  of  the  harmonic  analysis  and  discussion  of  tide 
observations.  II,  p.  284,  analysis  of  the  tides  of  Pulpit  Cove.  Ill, 
p.  296,  comparison  of  observations  with  theory.  IV,  p.  599,  practical 
application. 

1879 

10 

175-190 

Physical  hydrography  of  the  Gulf  of  Maine. — H.  Mitchell,  Assistant. 
General  description;  tides  and  tidal  currents;  Tables  1 to  7;  George’s 
Bank  ; Tables  8,  9. 

1879 

13 

199 

Addendum  to  a report  on  a physical  survey  of  the  Delaware  River.  —Henry 
Mitchell,  Assistant. 

1880 

1-221 

Deep-sea  sounding  and  dredging.  A description  of  the  methods  and 
appliances  used  on  board  the  Coast  and  Geodetic  Steamer  Blake.— 
By  C.  D.  Sigsbee,  L eutenant-Commander  U.  S.  N.,  Assistant. — 
(41  plates,  13  wood  cuts.) 

1880 

9 

110-125 

Comparison  of  the  surveys  of  Delaware  River  in  front  of  Philadelphia, 
1843  and  1878.— H.  L.  Marindin,  Assistant. 

Tables  1,  2.  Supplement,  p.  116;  Tables  3 to  10. 

1880 

10 

126-134 

Comparison  of  surveys  of  Mississippi  River  in  the  vicinity  of  Cubitt’s  Gap. — 
H.  L.  Marindin,  Assistant. 

Tables  1 to  5.  — [Sketch  No.  44.] 

1880 

16 

297-340 

Bering  Sea.— W.  H.  Dali,  Assistant. 

Report  on  the  currents  and  temperatures,  and  also  those  of  the  adjacent 
waters;  sources  of  information  ; surface  temperature;  tables  of  tem- 
peratures; pack  ice ; summer  temperatures;  the  Kuro  Siwo  and  its 
extensions;  table  of  North  Pacific  Sea  temperatures;  comparison  of 
sea  temperatures  from  observations  by  the  Challenger,  1873  and  1875  ; 
currents  of  Bering  Sea;  observations  of  the  Tuscarora  and  Venus; 
those  of  Krusenstern,  1804-1806 ; notes  by  whalers  and  others ; table 
of  temperatures  ; of  currents ; observations  off  the  coast  of  Asia ; in 
the  Arctic  in  general;  in  the  vicinity  of  Point  Barrow. 

Supplementary  note. — Additional  observations  in  the  Arctic  Sea ; bound- 
ary line  between  the  territory  of  the  United  States  and  Russia; 
diagram  of  surface  and  vertical  isotherms ; chart  of  currents. 

1881 

18 

464-469 

Report'on  a new  rule  for  currents  in  Delaware  Bay  and  River.— By  Henry 
Mitchell,  Assistant. 

Proposed  new  rule  for  the  currents  of  Delaware  River  ; currents  of  Dela- 
ware Bay;  “Station  No.  4,”  outside  of  Cape  Henlopen— lighthouse 
bearing  nearly  west  by  compass;  diagram  showiug  manner  of  com- 
puting middle  line  ; rule  ; table  of  currents  of  Delaware  Bay  ; table 
of  currents  of  Delaware  River;  note  relative  to  the  lines  of  high  and 
low  water  in  Delaware  Bay  and  River;  progress  of  tide  in  Delaware 
Bay  and  River. 

1882 

15 

427-432 

Comparison  of  the  survey  of  Delaware  River  of  1819,  between  Petty’s  and 
Tiuicum  Islands,  with  more  recent  surveys. — By  Henry  L.  Marindin, 
Assistant. 

Different  cross-sections  compared  and  changes  noted.— [Sketches  41,  42,  43.] 

1882 

16 

433-436 

Study  of  the  effect  of  river  bends  in  the  Lower  Mississippi. — By  Henry 
Mitchell,  Assistant. 

Introductory  remarks;  inductions;  Table  I,  a comparison  of  air  line  and 
river  distances  with  mean  depths,  mean  widths,  and  mean  areas  in 
Mississippi  River,  beginning  in  latitude  39°  20'  46",  longitude 
89°  24'  15".  and  ending  in  latitude  30°  06'  36",  lonsitude  90°  54'  47" ; 
supplementary  table ; Table  II,  bend  effects  in  the  Mississippi  River, 
from  4|  miles  below  Fort  Saint  Philip  to  near  Point  Hournas,  150| 
miles ; inferences ; authority  for  data,— [Sketch  44.  j 
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437-450  Discussion  of  the  tides  of  the  Pacific  Coast  of  the  United  States  — By 
William  Ferrel. 

Introductory  letter ; tides  of  Port  Townsend  discussed;  tides  of  Astoria 
discussed ; tides  of  San  Diego  discussed ; determination  of  the 
general  constants. — [Sketches  Nos.  45, 46, 47.  | 

239-245  ! The  estuary  of  the  Delaware. — By  Henry  Mitchell,  Assistant. 

Introductory  remarks ; term  estuary  defined;  table  of  half-tide  dimensions 
of  the  estuary  of  the  Delaware ; diagram  representing  mean  depths, 
widths,  and  sectional  areas  for  each  nautical  mile ; table  giving  prog- 
ress of  the  tide  in  Delaware  Bay  and  River ; discussion  concerning 
tide;  r6sum6  of  data  used;  estuary  of  the  Delaware;  table  of 
widths,  areas,  and  depths.— [Sketch  25.] 

247-251  Report  on  the  harmonic  analysis  of  the  tides  at  Sandy  Hook.— By  William 
Ferrel. 

Introductory  letter ; results  of  the  harmonic  analysis  of  the  tides  at  Sandy 
Hook;  this  subject  discussed. — [Sketch  No.  26.] 

253-272  Description  of  a maxima  and  minima  tide-predicting  machine. — By  William 
Ferrel. 

Prefatory  letter;  introduction ; mathematical  theory  of  the  tide-predicting 
machine ; mechanical  solution  of  the  problem ; construction  of  the 
machine ; directions  for  setting  and  using  ; efficiency  of  the  machine  ; 
Appendix.— [Sketches  Nos.  27,  28,  29,  30,  31.J 

431-434  Physical  hydrography  of  Delaware  River  and  Bay. — Comparison  of  recent 
with  former  surveys. — By  H.  L.  Marindin,  Assistant. 

Comparison  of  cross  sections  ; Table  No.  1,  changes  in  Delaware  River 
between  1841  and  1881;  Table  No.  2,  changes  in  Delaware  River 
between  1840  and  1882. — [Sketches  No.  22,  23.1 

487-4S8  Comparison  of  traverse  sections  in  the  Delaware  River  between  Old  Navy 
Yard  and  east  end  of  Petty’s  Island,  for  the  years  1819,  1843,  and 
1878.— By  Henry  L.  Marindin,  Assistant. 

Explanation  of  sketches  No.  29,  30,  31,  32,  33,  34,  giving  a comparison 
of  the  transverse  sections  of  the  Delaware  at  various  points  for  the 
years  1819,  1843,  1878. 

489-493  On  the  harmonic  analysis  of  the  tides  at  Governor’s  Island,  New  York 
Harbor. — By  William  Ferrel. 

Results  of  the  analysis  with  sketch  showing  positions  of  tide  gauges  at 
Governor’s  Island  and  Sandy  Hook;  determination  of  general  con- 
stants.— [Illustration  35.] 

495-501  Report  on  deep  sea  current  work  in  the  Gulf  Stream. — By  J.  E.  Pillshury, 
Lieut.  U.  S.  N.,  Assistant.  ( See  Gulf  Stream  explorations.) 

255-261  A report  on  Monomoy  and  its  shoals.— By  Henry  Mitchell,  Assistant. 

Tonnage  of  the  vessels  navigating  these  waters;  dangers  to  navigation ; 
comparison  of  Capt.  Paul  Pinkham’s  survey  of  1784  and  the  U.  S. 
Coast  and  Geodetic  Survey  chart  of  1885,  with  a sketch  of  the  two 
surveys. 

Also  a report  concerning  the  earliest  topographical  survey  of  Monomoy, 
with  sketch. — By  Charles  O.  Boutelle,  Assistant. 

263-266  | Report  of  changes  in  the  shore  line  and  beaches  of  Martha’s  Vineyard,  as 
derived  from  comparisons  of  recent  with  former  surveys. — By  Henry 
L.  Whiting,  Assistant. 

Changes  discussed;  map  showing  changes  in  Cotamy  Beach,  from  surveys 
made  in  1846,  1856,  1871,  and  1886.— [Illustration  21. j 

267-279  A report  on  the  Delta  of  the  Delaware,— By.  Henry  Mitchell,  Assistant. 

Joe  Flogger  Shoal;  method  of  > o uparing  old  and  new  surveys;  diagram 
showing  cross  section  of  Joe  Flogg-r  Shoal;  results  of  comparisons; 
table  giving  comparative  diinensi  >us  of  Joe  Flogger  Shoal,  also  a 
table  for  lower  channel  (Blake’s)  near  Joe  Flogger  Shoal,  and  a table 
for  upper  or  main  channel,  near  Joe  Flogger  Shoal.  — [Hlustration  22.  ] 

281-290  A report  of  Gulf  Stream  explorations. — Observations  of  currents,  1886.— By 
J.  E.  Pillsbury,  Lieut.  U.  S.  N.,  Assistant.  (See  Gulf  Stream  explora- 
tions.) 
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Appen- 
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1886 

13 

409-433 

1887 

6 

159-163 

1887 

7 

165-172 

1887 

8 

173-184 

1887 

13 

269-273 

1887 

15 

301-311 

1888 

7-12 

1888 

9 

405-408 

3-889 

41-43 

Subject  and  author. 


On  the  circulation  of  the  sea  through  New  York  Harbor.— By  Henry 
Mitchell,  Assistant. 

Diagram  A,  types  of  the  tidal  profiles;  field  work  of  1886;  recapitulation ; 
current  observations,  taken  by  tbe  Naval  parties  October  1886;  East 
River  tides  and  tidal  currents;  diagram  B,  East  River  tides;  table 
giving  lunar  intervals  of  upper  and  lower  restorations  of  level 
between  Governor’s  Island  and  Willet’s  Point,  with  synchronous 
heights  at  other  stations,  from  eight  tides,  October  4 to  6,  1886; 
diagram  C,  maximum  and  minimum  slopes  ; table  giving  a comparison 
of  restorations  of  level;  maximum  slope  (by  reaches)  of  the  East 
River,  October  4 to  6,  1886;  comparison  of  slopes.  Governor’s  Island  to 
Willet's  Point;  intervals  and  heights  of  restoration  of  level  between 
New  York  Harbor  (Governor’s  Island)  and  Long  Island  Sound 
(Willet’s  Point),  from  observations  made  in  October,  1886;  diagram 
D,  of  currents;  tables  of  variations  of  slope  and  velocity;  diagram  E 
shows  variations  of  slope  and  velocity  in  East  River;  miscellaneous; 
table  showing  the  decomposition  of  tides;  diagram  F,  decomposition 
of  tides  graphically  represented;  comparison  of  mean  levels,  Govern  - 
or’s  Island  and  Willet’s  Point;  concluding  remarks. — [Illustrations 
34-39.] 

On  the  movements  of  the  sands  at  the  eastern  entrance  at  Vineyard  Sound.— 
By  Henry  Mitchell,  Assistant. 

A continuation  of  tbe  discussion  of  the  changes  among  the  Monomoy 
Shoals  ; table  of  tides  and  currents  at  the  entrance  of  Vineyard  Sound; 
diagram  I,  entrance  to  Vineyard  Sound;  composition  of  tidal  forces; 
diagram  II,  tides  at  entrance  of  Vineyard  Sound  graphically  repre- 
sented; concluding  remarks. — [Illustrations  31y  32.] 

Fluctuations  in  the  level  of  Lake  Champlain  and  average  height  of  its 
surface  above  the  sea.— By  Charles  A.  Schott,  Assistant. 

Introductory  remarks;  fluctuations  of  the  level  of  Lake  Champlain,  as 
shown  by  monthly  means  from  daily  observations  made  by  the  United 
States  Engineers  at  Fort  Montgomery,  N.  Y.,  between  the  years  1871 
and  1882;  fluctuations  in  the  level  of  Lake  Ontario,  shown  by  monthly 
means  from  observations  at  Charlotte  Harbor  as  a representative 
station,  between  the  years  1859  and  1881;  comparison  of  the  state  of 
Lake  Champlain  with  the  amount  of  rain  (and  melted  snow)  during 
. the  years  1871-1882;  table  showing  effect  of  wind;  secular  variation 
in  the  level  of  Lake  Champlain;  diagram  showing  annual  variation  in 
the  level  of  Lake  Champlain  and  Lake  Ontario,  with  annual  variation 
in  rain  fall;  diagram  showing  secular  variation  in  the  levels  of  the 
two  lakes;  absolute  height  of  Lake  Champlain  above  the  ocean; 
probable  uncertainty  of  this  result.  — [Illustration  33.] 

Gulf  Stream  explorations;  observations  of  currents,  1887.— By  J.  E.  Pills- 
bury,  Lieut.  U.  S.  N.,  Assistant.  ( See  Gulf  Stream  explorations.) 

Addendum  to  Appendix  No.  8,  report  of  1883,  on  the  estuary  of  the  Dela- 
ware ; table  giving  physical  elements  of  the  estuary  of  the  Dela- 
ware, with  introductory  letter. — By  Henry  Mitchell,  Assistant. 

Report  on  the  results  of  the  physical  surveys  of  New  York  Harbor.— By 
Henry  Mitchell,  Assistant. 

Introductory  letter : Parti — The  underrun  of  the  Hudson  River;  its  re- 
lation to  New  York  bar ; diagram  A ; underrun  in  the  Hudson  in 
the  dry  season ; tables  giving  densities  at  different  depths,  from 
observations  taken  in  the  summer  of  3865;  diagram  giving  currents 
at  different  depths  in  various  localities;  table  giving  currents  at 
different  depths,  from  observations  for  1885;  table  giving  currents  on 
the  outer  slope  of  New  York  Harbor,  1885;  table  giving  depth  of 
neutral  plane  below  surface  ; limit  of  the  tide,  as  affecting  the  scour 
of  the  channels  in  New  York  Harbor;  recapitulation.  Part  2— 
Courses  of  the  Hudson  tides  through  New  York  Harbor ; table  of 
slopes  of  the  Hudson  and  East  rivers;  this  subject  discussed;  dia- 
grams of  tides  (synchronous)  in  the  tract  of  the  Hudson. — [Dlus- 
trations  44-49.] 

Bulletin  No.  3.  Abstract  of  following  paper,  boaring  same  title  and  with  2 
illustrations.  (Superseded  by  second  edition,  published  in  1889.) 

Tidal  levels  and  flow  of  currents  in  New  York  Bay  and  Harbor. — By  H.  L, 
Marindin,  Assistant.— (12  illustrations.] 

Bulletin  No,  8.  Currents  in  New  York  Bay  and  Harbor,  (Second  edition.) 
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] 889 

143-146 

Bulletin  No.  12.  A siphon  tide  gauge  for  the  open  seacoast.-  By  H.  L. 
Marindin,  Assistant. 

1889 

12 

403-407 

Encroachment  of  the  sea  upon  the  coast  ot  Cape  Cod,  Mass.,  as  shown  by 
comparative  surveys.— By  H.  L.  Marindin,  Assistant.— [1  illustra 
tion.] 

1889 

14 

459-460 

Recent  changes  in  the  south  inlet  into  Edgartown  Harbor,  Martha’s  Vine- 
yard. — By  H. L.  Whiting,  Assistant.— [1  illustration.] 

1889 

16 

467-477 

Gulf  Stream  explorations  : observations  of  currents,  1888-  89.  —By  J.  E. 
Pillsbury,  Lieutenant  U.  S.  N.,  Assistant.— (foe  the  sub-heading  Gulf 
Stream  explorations.) 

1890 

10 

461-620 

The  Gulf  Stream;  a description  of  the  methods  employed  in  the  investiga- 
tion and  the  results  of  the  research. — By  Lieut.  J.  E.  Pillsbury, 
U.  S.N.,  Assistant. — [25  illustrations  and  12  figures.]— (foe  abstract 
under  Gulf  Stream  explorations. ) 

1890 

11 

621-623 

Report  in  relation  to  a portion  of  boundary  line  in  dispute  between  the 
States  of  Maryland  and  Virginia.— By  Henry  L.  Whiting,  Assistant. 

Note. — The  portion  of  boundary  line  to  be  examined  and  located  was 
near  Hog  Island,  in  the  Lower  Potomac,  and  its  course  depended  upon  the 
method  adopted  of  measuring  the  low- water  line  of  the  river. 

1890 

14 

691-703 

On  the  use  of  observations  of  currents  for  prediction  purposes.— Report  by 
John  F.  Hayford,  Tidal  Division. 

1S90 

15 

705-714 

Comparison  of  the  predicted  with  the  observed  times  and  heights  of  high 
and  low  water  at  Sandy  Hook,  N.  J.,  during  the  year  1889. — 1 2 illus- 
trations.]— A report  by  A.  S.  Christie,  Chief  of  the  Tidal  Division. 

1890 

175-177 

Bulletin  No.  18.  Table  for  the  reduction  of  hydrometer  observations  of  salt 
water  densities.— By  O.  H.  Tittmann,  Assistant. 

Note.— A second  edition  of  this  paper  is  to  be  prepared  by  Mr.  TittmanD 
as  an  Appendix  to  the  Report  for  1891. 

GULF  STREAM  EXPLORATIONS. 


1846 

4 

46-53 

Letters  on  the  exploration  of  the  Gulf  Stream. — Lieutenant-Commanding 
George  M.  Bache. 

1847 

11 

75 

Table  showing  temperatures  at  depths  below  700  fathoms,  taken  by  Lieu- 
tenants Commanding  C.  H Davis  in  1845,  George  M.  Bache  in  1846. 
and  S.  P.  Lee  in  1847. — (foe  Sketch.) 

1853 

46-51 

Gulf  Stream  explorations.— (Report.) — [Sketches  15  and  16  ] 

1853  | 

30 

82-83 

Examination  of  specimens  of  bottom  obtained  in  Gulf  Stream.— L.  F. 
Pourtales. 

1854 

47 

156-161 

Gulf  Stream  temperatures. — A.  D.  Bache. 

On  the  distribution  of  temperatures  on  and  near  the  Gulf  Stream  : (1)  At 
different  depths;  (2)  at  the  same  depths  on  sections  across  the  axis 
of  the  Gulf  Stream,  Table  I,  probable  uncertainty  in  determination 
of  the  maximum  and  minimum  points;  (3)  connection  of  the  figure  o( 
the  sea  bottom  with  the  distribution  of  temperature:  (4,  the  ‘ cold 
wall;”  (5)  reference  to  shifting : (6)  chart  of  Gulf  Stream.  — |Sketches 
24  and  25.]— [Errata,  pp.  158,  159,  160:  1855,  xix.] 

1855 

53-55 

Gulf  Stream  exploration.— (Report.) 

Programme,  Craven’s  Cape  Florida  section : soundings  by  Sands  aloBg  the 
Gulf  Stream  axis;  depths;  bottom  configuration,  temperatures"and 
bottoms. 

1855 

84 

Gulf  Stream  deep  sea  soundings.—  (Report.)— [Sketch  38  (H,  No.  3).] 

1855 

54 

359 

Bottle  paper. 

Current  bottle  card  thrown  over  near  Sandy  Hook  and  picked  up  at  the 
bar  at  Santa  Cruz,  one  of  the  Western  Islands. 
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1855 

55 

360 

Gulf  Stream  bottoms.— J.  W.  Bailey. 

On  the  characteristics  of  some  bottoms  from  the  Cape  Florida  Gulf  Stream 
section. 

1858 

32 

217-222 

Florida  Gulf  Stream.— E.  B.  Hunt. 

Notices  of  certain  anomalies;  changes  of  current  depending  upon  the 
winds  and  seasons. 

1858 

39 

248-250 

Analysis,  microscopical,  of  specimens  of  bottom  taken  in  sounding.— L.  F. 
Pour  tales. 

Green  and  ochraoeous  incrustation  of  Foraminifera,  and  jet  tint  of  speci- 
mens. 

1859 

25 

306-310 

Gulf  Stream : distribution  of  temperature  in  the  water  of  the  Florida  chan- 
nel and  straits. — A.  D.  Bache. 

Form  of  bottom ; change  of  temperature  with  depth ; temperature  in  a 
direction  across  the  stream ; bands  of  warm  and  cold  water;  the  “cold 
wall;”  longitudinal  seotion ; effects  of  pressure  on  Saxton’s  deep-sea 
thermometer,  under  pressure  and  free  from  pressure;  thermometers 
Nos.  5 and  10.— [Sketch  35.] 

1800 

17 

165-176 

Gulf  Stream. — A.  D.  Bache. 

General  account  of  the  methods  used  in  developing  its  hydrography,  and 
summary  of  results  obtained : (1)  instruments  for  temperatures;  for 
depth;  for  obtaining  specimens  of  the  bottom ; (2)  plan  of  the  work ; 
(3)  method  of  discussion  of  results;  (4)  results;  type  curves  of  law  of 
temperature,  with  depth  at  the  most  characteristic  positions ; type 
curves  of  law  of  distribution  of  temperature  across  the  stream; 
curves  of  temperature  at  the  same  depths  ; curves  of  depths  at  the 
same  temperatures.— Table  I,  distance  of  the  cold  wall  from  the 
shore,  and  widths  of  the  several  bands  of  cold  and  warm  water  of  the 
Gulf  Stream,  measured  on  the  lines  of  the  sections;  (5)  limit  of  ac- 
curacy of  the  determinations;  11,  probable  uncertainty  in  the  deter- 
mination of  maximum  and  minimum  points  by  running  the  same 
sections  over  in  different  years,  by  different  observers:  III,  value  of 
probable  error  of  determination  of  the  bands  for  each  section  and  the 
average  of  the  whole;  (6)  figure  of  the  fottom  of  the  sea  below  the 
Gulf  Stream;  (7)  general  features  of  the  Gulf  Stream.— [Sketches 
19  to  22.] 

1867 

15 

176-179 

Soundings  in  the  Gulf  Stream  between  Key  West  and  Havana.— H. 
Mitchell. 

Table  I,  soundings  in  the  Gulf  Stream  near  the  coast  of  Cuba,  1867:  II, 
current  observations.— [Sketch  25.]— (Supplement,  1868,  pp.  166-167.) 

1867 

16 

180-182 

Fauna  of  the  Gulf  Stream.— L.  F.  Pourtales. 
Dredgings  in  the  Straits  of  Florida. 

1868 

11 

166-167 

• 

Note  on  Gulf  Stream  observations. — H.  Mitchell. 

Decrease  of  bottom  temperature  in  still-water  channels. — (Sequel  to  1867, 
p.  179.) 

1868 

12 

168-170 

Report  upon  dredgings  near  the  Florida  Reef.— L.  F.  Pourtales. 
Organic  specimens ; corals,  echinoderms,  brachiopods,  etc. 

1869 

10 

208-219 

Report  upon  deep-sea  dredgings  in  the  Gulf  Stream  during  the  third  cruise 
of  the  United  States  Steamer  Bibb.—L.  Agassiz. 

Fauna  of  the  submarine  zones;  reef  zone:  sedimentary  zone ; coral  slope 
of  living  crelacean  types ; floor  of  foraminiferine  mud  ; geological  in- 
ferences; inclination  of  the  reefs:  pot  holes;  formation  of  oolithic, 
amorphous,  and  compact  limestones ; the  Jurassic  submarine  seam  ; 
embryology  of  corals  and  formation  of  colonies  by  disk  embranch- 
ment; extinct  forms  representing  modern  developmental  transitions  ; 
lines  to  be  dredged. 

1869 

11 

220-225 

The  Gulf  Stream. — Characteristics  of  the  Atlantic  sea  bottom  off  the  coast 
of  the  United  States. — L.  F.  Pourtales. 

Manner  of  dredging ; silicious  formation ; green  sand  formation. 

1882 

19 

459-461 

Recent  deep-sea  soundings  off  the  Atlantic  coast  of  the  United  States.— 
[With  references  to  development  of  bed  of  the  Gulf  Stream,]— By 
J.  E.  Pillsbury,  Lieutenant  U.  S.  N.,  Assistant. 

(One  illustration. ) 
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Subject  and  author. 


1885 


14 


495-501 


11 


281-290 


1887 


173-184 


1889 


1890 


16 


10 


467-477 


461-620 


Report  on  deep-sea  current  work  in  the  Gulf  Stream.— By  <J.  E.  Pillsbury, 
Lieutenant,  U.  S.  N.,  Assistant,  Coast  and  Geodetic  Survey. 

Letters  of  instruction  ; report ; description  of  apparatus  devised  by  Lieut. 
Pillsbury  for  observations  of  deep-sea  currents,  with  diagram  and 
detailed  account  of  its  use ; observations  made,  and  lines  run  ; chart 
showing  locality  of  cross  section  A,  between  Fowey  Rocks  and  Gun 
Cay;  charts  showing  positions  of  current  stations,  cross  section  A, 
Gulf  Stream;  illustrations  39  to  46  giving  a graphic  picture  of  the 
deep-sea  current  work. 

A report  of  Gulf  Stream  explorations.— Observations  of  currents,  1886.— By 
J.  E.  Pillsbury,  Lieutenant  U.  S.  N.,  Assistant. 

Detailed  report  of  season’s  work,  with  a treatment  of  the  subject,  under 
the  following  heads  : I.  General  characteristics  of  the  Gulf  Stream 
as  developed  by  the  observations.  II.  Daily  variation  of  the  stream. 
III.  Monthly  variation  of  the  stream.  IV.  Axis  of  the  stream.  V. 
Effect  of  wind  on  the  velocity  of  the  stream,  and  the  position  of  its 
axis.  VI.  Depth  of  the  stream,  and  velocity  at  different  depths. 
VII.  General  summary  for  the  guidance  of  navigators.  Plates  (23  to 
28)  presenting  curves  of  observations  of  currents  in  the  Gulf  Stream 
during  1885  and  1886. 

Gulf  Stream  explorations. — Observations  of  currents,  1887. — A report  by 
Lieut.  J.  E.  Pillsbury,  U.  S.  N.,  Assistant. 

Detailed  report  of  season’s  work ; sections  occupied,  CC,  between  Rebecca 
Shoal  and  Cuba ; DD,  between  Cape  San  Antonio,  Cuba,  and  Yuca- 
tan ; and  section  F,  from  Cape  Hatteras  Shoal  in  a direction  nearly 
southeast ; a treatment  of  the  subject  in  the  following  order : (1)  Gen- 
eral characteristics  and  limit  of  the  stream  at  each  cross  section.  (2) 
Daily  variation.  (3)  Axis  of  the  stream.  (4)  Depth  of  the  stream,  and 
velocity  at  different  depths.  (5)  Comparison  of  results  obtained  at 
various  sections.— [Illustrations  34-42.] 

Gulf  Stream  explorations.— Observations  of  currents,  1888-1889.— By  Lieut. 
J.  E.  Pillsbury,  U.  S.  N.,  Assistant,  U.S.  Coast  and  Geodetic  Survey. — 
(20  illustrations.) 

The  Gulf  Stream. — A description  of  the  methods  employed  in  the  investiga- 
tion and  the  results  of  the  research.— By  Lieut.  J.  E.  Pillsbury, 
U.  S.  N.,  Assistant. — (25  illustrations  and  12  figures.) 

Preface;  introduction  ; general  historical  account  of  the  Gulf  Stream  and 
its  investigation  up  to  the  time  of  Franklin  ; Gulf  Stream  investiga- 
tions from  the  time  of  Franklin  to  those  made  by  the  U.  S.  Coast.  Sur- 
vey: Gulf  Stream  investigations  made  by  the  U.  S.  Coast  Survey  until 
1884  and  those  contemporary  with  them  ; outfit  of  the  Blake  for  an- 
choring at  sea  and  observing  the  currents;  characteristics  of  the 
Gulf  Stream  in  the  straits  of  Florida  and  in  the  Yucatan  Passage  ; 
the  Gulf  Stream  off  Jupiter  Inlet  and  Cape  Hatteras;  the  equatorial 
current;  causes  of  the  Gulf  Stream  and  of  Atlantic  currents  ; conclu- 
sions; index. 


DEEP-SEA  SOUNDINGS,  TEMPERATURES,  AND  DENSITIES.* 


1854 

54 

191-192 

1857 

46 

398 

1857 

1858 

37 

228-246 

Craven’s  specimen  box  for  deep-sea  bottoms. — T.  A.  Craven. 

[Sketch  56.] 

Deep-sea  sounding  apparatus.— Description  of  a form  proposed  and  used  by 
B.  F.  Sands. 

[Sketch  70.] 

Berryman-Brooke’s  deep-sea  sounding  apparatus. 

[Sketch  71.] 

Deep-sea  soundings.— W.  P.  Trowbridge. 

Investigation  of  the  laws  of  motion  governing  the  descent  of  the  weight 
and  line  ; formulae  of  velocity  of  descent. — Table  I,  rates  of  descent 
and  resistance,  in  pounds,  upon  the  sinker  and  line,  with  one  and  with 
two  32-pound  shot,  attached  to  aline  0.07  of  an  inch  in  diameter;  II, 
same,  with  96  aud  126  pound  weights,  deep-sea  line;  III,  influence  of 
different  lengths  of  line  moving  with  the  same  velocity;  ratios  of 
lengths  to  ratio  of  resistances  ; VII,  comparison  of  resistances  upon 
the  same  lengths  of  lines  of  different  diameters,  moving  at  the  same 
velocity;  VI,  influence  of  lengths  at  different  depths;  VIII,  same, 
continued ; IX,  rates  of  descent,  velocity,  resistance  to  sinker  and 
line,  and  weight  of  line  in  water,  from  observations  made  by  Joseph 
Dayman;  diameterof  line,  2 inches;  weight,  96  pounds;  specificgrav- 
ityj  1.3. — [Sketch  38.]— [Errata,  p.  235;  1858,  p.  xxi.] 
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Pages. 
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1858 

39 

248-250 

Analysis,  microscopical,  of  specimens  of  bottom  taken  in  sounding. — L.  F. 
' Pourtales. 

Green  and  ocbraceous  incrustation  of  Foraminifera,  and  jet  tint  of  speci* 
mens. 

1853 

34 

359-364 

Deep-sea  sounding  apparatus. — Description  of  a form  devised  by  TV.  P.  Trow- 
bridge, and  explanation  of  its  method  and  use. 

[Sketch  39.]— [Errata,  359, 1860,  p.  xx.  | 

1861 

11 

135-139 

Sounding  apparatus  and  log. — TV.  P.  Trowbridge. 
Results  obtained  with  an  instrument  devised  by  him. 

1866 

5 

35-44 

Florida  Straits.— H.  Mitchell. 

Report  on  soundings ; northern  approach ; southern  approach ; difficul- 
ties in  the  way  of  laying  a telegraph  cable  ; remarks  upon  lines  and 
leads;  table  of  soundings  across  the  Straits  of  Florida  from  Sand  Key 
. to  El -Moro,  1866.— [Sketch  17.] 

1866 

5 

139 

Berryman  apparatus ; rates  of  outrun  of  line. — (£eel857,  specimen  sounding, 
Sketch  71.) 

1868 

12 

168-170 

Report  upon  dredgings  near  the  Florida  Reef.— L.  F.  Pourtales. 
Organic  specimens  ; corals,  echinoderms,  brachiopods,  etc. 

1871 

14 

152 

Device  for  detaching  from  a line  the  heavy  weight  requisite  in  deep-sea 
soundings. — [Sketch  No.  23.J— Lieut.  Com.  C.  D.  Sigsbee. 

1874 

16 

154 

Ocean  sal  in  o meter.—  J.  E.  Hilgard,  Assistant. 

1876 

23 

407-409 

List  of  publications  relating  to  the  deep-sea  investigations  carried  on  in  the 
vicinity  of  the  coasts  of  the  United  States  under  the  auspices  of  the 
Coast  Survey. 

1877 

10 

108-113 

Optical  densimeter,  for  ocean  water.— J.  E.  Hilgard,  Assistant. 

1879 

6 

95-102 

Dredging  operations  in  the  Caribbean  Sea. — [With  two  maps.] — Alexander 
Agassiz. 

1880 

1880 

16 

297-340 

Bering  Sea.— TV.  H.  Dali. 

Report  on  the  currents  and  temperatures,  and  also  those  of  the  adjacent 
waters;  sources  of  information  ; surface  temperature ; tables  of  tem- 
peratures; pack  ice  ; summer  temperatures ; the  Kuro  Si  wo  and  its 
extensions;  table  of  North  Pacific  Sea  temperatures ; comparison  of 
sea  temperatures  from  observations  by  the  Challenger,  1873  and  1875  ; 
currents  of  Bering  Sea;  observations  of  the  Tuscarora  and  Venus 
those  of  Krusenstern,  1804-1806  ; notes  by  whalers  and  others;  table 
of  temperatures ; of  currents  ; observations  off  the  coast  of  Asia  ; in 
the  Arctic  in  general ; in  the  vicinity  of  Point  Barrow. 

Supplementary  note. — Additional  observations  in  the  Arctic  Sea ; boun- 
dary line  between  the  territory  of  the  United  States  in  Alaska  and 
Russia  in  Asia ; diagrams  of  surface  and  vertical  isotherms ; chart  of 
currents. 

Deep-sea  sounding  and  dredging. — A description  and  discussion  of  the 
methods  and  appliances  used  on  board  the  Coast  and  Geodetic  Survey 
steamer  Blake.  — By  Charles  D.  Sigsbee,  Lieutenant-Commander,  U.  S. 
N,  Assistant  in  the  Coastand  Geodetic  Survey.  221,  quarto.  (With 
54  illustrations.)  Washington:  Government  Printing  Office,  1880. 

1882 

18 

451-457 

Report  on  the  Siemens  electrical  deep-sea  thermometer.— By  Commander  J. 
R.  Bartlett,  U.  S.  N.,  Assistant. 

Test  of  thermometer  on  the  U.  S.  Coast  Survey  steamer  Blake,  with  tables 
of  results  obtained  at  different  depths  ana  under  different  conditions, 
and  a description  of  the  apparatus.— By  Werner  Suess. 

[Sketches  48  and  49  and  diagrams  with  text.  1 

1882 

19 

459-461 

Recent  deep-sea  soundings  off  the  Atlantic  coast  of  the  United  States.— By 
J.  E.  Pillsbury,  Lieutenant,  U.S.  N.,  Assistant. 

A general  summary  of  the  operations  of  the  U.  S.  Coast  Survey  steamer 
Blake  in  the  examination  of  the  western  Atlantic  basin  during  the 
years  1880, 1881, 1882,  and  1883.— [Illustration  50.] 

1884 

13 

435-438 

Geology  of  the  sea  bottom  in  the  approaches  to  New  York  Bay. — By  A. 
Lindenkohl,  U.  S.  Coast  and  Geodetic  Survey  Office. 

Prefatory  remarks;  characteristics  of  sea  bottom  ; (1)  a well-defined  sub- 
marine valley  ; (2)  an  area  of  clay  bottom  extending  about  100  miles 
seaward;  (3)  a deep  ravine  at  the  edge  of  the  continental  slope,  the 
Hudson  River  fiord;  geology  of  the  sea  bottom  in  the  approaches  to 
New  York  Bay  illustrated.— [Illustration  No. 24.] 
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dix. 

Pages. 

Subject  and  author. 

1884 

17 

619-621 

Description  of  a model  of  the  depths  of  the  sea  in  the  Bay  of  North  America 
and  Gulf  of  Mexico. — By  J.  E.  Hilgard,  Superintendent. 

A detailed  description  of  the  model;  oceanic  depressions  and  terrestrial 
elevations  contrasted ; addendum  giving  effect  of  an  assumed  reduc- 
tion in  the  depth  of  the  sea  of  100  fathoms. — [Illustration  No.  25.] 

1890 

175-177 

Bulletin  No.  18. — Table  for  the  reduction  of  hydrometer  observations  of 
salt-water  densities. — Prepared  for  publication  by  O.  H.  Tittmann, 
Assistant. 

SURVEYS  AND  EXPLORATIONS  OF  OYSTER  BEDS. 


1881 


11 


269-353 


Report  on  the  oyster  beds  of  the  James  River,  Virginia,  and  of  Tangier  and 
Pocomoke  sounds,  Maryland  and  Virginia.— By  Francis  Winslow, 
Master,  U.  S.  N.,  Assistant,  Coast  and  Geodetic  Survey. 

Preface;  instructions;  methods  of  conducting  the  investigation;  (1)  de- 
lineation of  the  beds ; specimen  of  record ; tides ; specimens ; bot- 
tom and  water  specimens ; substratum  of  bottom  ; currents ; number 
of  oysters  to  the  square  yard ; temperature  of  the  water ; names  and 
areas;  report  of  the  investigation  conducted  during  the  summer  of 
1878;  oyster  beds  of  the  James  River,  Virginia ; currents;  section 
across  James  River;  Mulberry  Point  beds;  Point  of  Shoals  and  Jail 
Island  beds ; Blunt  Point  bed  ; Thomas  Point,  Kettle  Hole,  and  White 
Shoal  beds;  Brown’s  Shoal  bed;  Cruisers  Rock  and  Nansemond 
Ridge;  the  fishery  and  its  effects;  Tangier  and  Pocomoke  sounds; 
Fishing  Bay  beds;  Were  Point  beds;  Sharks  Fin  bed;  diagram  1, 
profiles  1-4 ; Nanticoke  Middle  Ground  bed ; Clump  Point  Rocks ; 
Horseys  Bar  and  Tylers  Rock ; Drumming  Shoal  bed  ; Cedar  Rock  ; 
the  Cow  and  Calf  beds;  diagram  2,  profiles  5-8;  Turtle-Egg  Island 
bed  ; Mud  Rock ; the  Muscle  Hole  bed  ; diagram  3,  profiles  9-12  ; 
Piney  Island  Bar;  beds  of  the  Manokin  River;  beds  of  the  Big 
Annemessex  River;  diagram  4,  profiles  13-15 ; Terrapin  Sand  beds; 
Pauls  bed;  bed  of  Janes  Island  light-house;  the  Great  Rock; 
diagram  5,  profiles  16-20;  the  Womans  Marsh  bed;  Thoroughfare 
beds ; California  beds ; diagram  6,  profiles  21-24 : Johnsons  bed ; 
Oak  Hammock  Rocks  ; densities ; comparison  of  densities— Tangier ; 
currents;  deposit;  effect  of  gales  and  ice;  Pocomoke  Sound;  scat- 
tered oysters  in  Pocomoke  Sound ; diagram  7,  profiles  25-31 ; Buoy 
Spit  bed  ; Muddy  Marsh  bed  ; The  Bird  bed  ; Hern  Island  bed  ; beds 
of  Guilford  Channel;  Beach  Island  bed;  Parkers  bed;  The  Brig 
bed ; densities  ; comparison  of  densities— Pocomoke ; currents ; de- 
posits; effect  of  ice  and  gales;  general  information  given  by  oyster- 
men  ; conclusions  ; Table  I,  giving  number  of  oyster  dredgers  seen 
in  Crisfield  Harbor  in  one  day,  and  number  of  bushels  of  oysters 
taken  ; Table  II,  number  of  young  oysters  taken  ; number  of  oysters 
taken  in  one  day  in  the  Upper  Tangier,  Middle  Tangier,  Lower 
Tangier,  and  in  the  Pocomoke;  destruction  of  oyster  beds  ; their 
preservation;  investigation  conducted  during  the  summer  and  au- 
tumn of  1879;  instructions;  plan  of  work;  illustration  39,  cluster  of 
oysters  and  sponge  taken  from  unworked  beds  of  the  Chesapeake; 
delineation  of  the  beds;  beds  in  the  Nanticoke  River;  beds  in  the 
Little  Annemessex;  beds  in  Hedges  Strait;  investigation  of  the 
Chesapeake  Bay  west  of  Tangier  and  Smiths  Island  ; illustration  40, 
cluster  of  oysters  and  sponge  from  unworked  beds  of  the  Chesa- 
peake; table  showing  number  of  oysters  to  the  square  yard  ; Table  I, 
dredging  results— Chesapeake  Bay ; illustration  41,  adult  oyster,  natu- 
ral size;  Table  IT,  dredging  results— Chesapeake  Bay;  fecundity  of 
the  beds  in  the  Sounds  ; Table  I,  dredging  results— Tangier  Sound  ; 
table  showing  the  success  of  spatting  at  different  seasons  —Tangier 
Sound  ; Table  showing  the  success  of  spatting  in  different  seasons — 
Pocomoke  Sound  ; Table  II,  dredging  results—' Tangier  and  Poco- 
moke sounds ; illustration  42,  specimen  tile  No.  7 ; table  showing 
number  of  oysters  to  the  square  yard  in  Tangier  Sound  and 
in  Pocomoke  Sound ; information  obtained  from  spat-collectors ; 
illustration  43,  specimen  tile  No.  2 ; investigation  of  temperatures; 
investigation  of  the  changes  in  density  of  the  water;  illustration 
44,  specimen  tile  No.  6 ; incidental  information ; information  ob- 
tained from  “record  of  statistics;”  table  showiug  estimated  num- 
ber of  oysters  romoved  in  1879-Upper  Tangier,  Middle  Tangier, 
Lower  Tangier,  and  Pocomoke  Sound ; table  showing  number  of 
oysters  removed;  conclusions:  table  showing  number  of  oysters  re. 
moved  from  Great  Rock  and  Woman’s  Marsh;  Appendix  A,  area  of 
oyster  beds — Tangier  and  Pocomoke  sounds ; illustration  63,  Astyris : 
variety  winslovii;  Appendix  B,  description  by  Assistant  Dali  of  “drill  ” 
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or  astyris  referred  to  in  the  report  of  the  operations  during  the  .season 
of  1878;  Appendix  C,  table  showing  number  and  class  of  dredging 
vessels  seen  from  the  Palinurus  during  the  season  of  1878  ; Appendix 
D,  form  of  questions  used  in  collecting  information  from  oystermen  ; 
Appendix  E,  table  giving  analysis  of  water  from  Tangier  and  Poco- 
rooke  sounds  and  Chesapeake  Bay,  by  Prof.  Moore,  U.  S.  Naval 
Academy;  diagrams  9-15,  curves  showing  difference  of  density  of 
water  at  bottom  ; chart  of  James  River,  showing  approximate  limits 
of  oyster  beds  ; upper  part  of  Tangier  Sound,  chart  showing  approx- 
imate position  of  oyster  beds ; lowTer  part  of  Tangier  Sound,  chart 
showing  approximate  position  of  oyster  beds.— [Illustrations,  39-68.] 


1889 


51-13G 


Bulletin  No.  10.— Report  on  the  Sounds  and  Estuaries  of  North  Carolina 
with  reference  to  Oyster  Culture. — By  Francis  Winslow,  Lieutenant 
U.  S.  Navy,  Assistant,  U.  S.  Coast  and  Geodetic  Survey,  commanding 
schooner  Scoresby. — [2  illustrations.] 

Table  of  contents : Introduction;  preface;  information  desired;  methods 
used  in  the  survey ; area  examined ; general  description  ; descriptions 
of  sections,  with  results  of  the  work  in  detail ; limits  of  projections, 
with  areas  of  public  and  private  oyster  grounds  ; specific  gravities  ; 
general  summary  of  results;  general  condition  of  the  oyster  industry 
prior  to  1887;  recommendations  for  new  legislation;  history  of  the 
Shell  Fish  Commission;  operation  of  the  new  law;  method  of  locat- 
ing lots  ; conclusion ; appendix  ; an  act  to  promote  the  cultivation  of 
shellfish  in  the  State,  and  form  of  application  for  private  oyster 
grounds. 


1890 


179-209 


Bulletin  No.  19.— On  the  Sounds  and  Estuaries  of  Georgia  with  reference  to 
Oyster  Culture.— A report  by  J.  C.  Drake,  Ensign  U.  S.  Navy,  Assist- 
ant, U.  S.  Coast  and  Geodetic  Survey,  commanding  schooner  Ready, 
1889-’90. — [7  illustrations.] 

Preface;  methods;  limits  of  the  area  examined  ; description  of  the  areas 
examined  ; general  conclusions  ; densities ; table  of  areas  examined 
with  reference  to  oyster  culture;  resolution  authorizing  the  appoint- 
ment of  an  oyster  commission  ; State  of  Georgia  ; an  act  for  the  regu- 
lation and  protection  of  oyster  culture ; form  of  application  for  oyster 
grounds ; charts  to  accompany  report  on  oyster  survey  of  the  follow- 
ing sounds,  harbors,  or  rivers  of  Georgia:  Tybee  Roads  and  Wassaw 
Sound,  Ossabaw  Sound,  Vernon  and  Ogeech’ee  rivers,  St.  Catherines 
Sound,  Sapelo  Sound,  Doboy  and  Altamaha  sounds,  St.  Simon  Sound, 
Brunswick  Harbor  and  Turtle  River,  and  St.  Andrews  Sound. 


TERRESTRIAL  MAGNETISM. 


1815 

*3 

41-43 

Extract  from  a letter  addressed  by  Ferd.  H.  Gerdes,  Assistant,  U.  S.  Coast 
Survey,  to  Prof.  A.  D.  Bache,  Superintendent,  containing  remarks 
upon  the  change  in  the  magnetic  variation  within  short  distances 
in  the  Gulf  of  Mexico. 

1854 

30 

37-40 

(Report  for  1854.) — Page  39,  App/No.  30. — Reference  to  magnetic  observa- 
tions made  at  stations  in  California.— W.  P.  Trowbridge. 

-1854 

43 

142-145 

(1844— ’45.)- — Table  of  magnetic  declination. 

Results  of  Coast  Survey  magnetic  observations  at  136  stations  along  the 
coast  of  the  United  States.— [Errata,  144, 145:  1855,  p.  xix.] 

1854 

44 

14G 

Meridian  lines.— Report  of  Assistant  G.  W.  Dean  on  the  establishment  of 
meridian  lines  at  Petersburg,  Va.,  and  Raleigh  and  Wilmington,  N.  C. 

1855 

47 

295-30G 

(1844-55.) — Table  of  magnetic  declinations  in  geographical  order,  from  Coast 
Survey  observations ; with  notes  by  A.  D.  Bache  and  J.  E.  Hilgard. 
Discussion  of  magnetic  declination  : (1)  Northern  part  of  the  Gulf  of  Mex- 
ico; (2)  Atlantic  coast ; (3)  Pacific  coast. — [Sketch  56.] 

1855 

48 

306-337 

(1717-1855.)— Secular  variation  in  the  magnetic  declination.— C.  A.  Schott. 
Discussion  of  the  secular  change  in  the  magnetic  declination  on  the  At- 
lantic and  part  of  the  Gulf  coasts  of  the  United  States  ; Providence, 
R.  I. ; Hatboro,  Pa. ; Philadelphia,  Pa. ; Boston,  Mass. ; Cambridge, 
Mass. ; New  Haven,  Conn. ; New  York,  N.  Y. ; Charleston,  S.  C. ; 
Mobile,  Ala.;  Havana,  Cuba;  Burlington,  Vt. ; Chesterfield,  N.  H.  ; 
Salem,  Mass. : Nantucket,  Mass. : Albany,  N.  Y. ; Washington,  D.  C. ; 
Pensacola,  Fla. — [Sketch  51.] — [Errata,  pp>.  314,  335 ; 1855,  p.  xviii.] 
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Appen- 

dix. 

Pages. 

Subject  and  author. 

1855 

49 

337 

(1855.) — Magnetic  observations.— C.  A.  Schott. 

Results  for  declination,  dip,  and  horizontal  intensity,  at  sixteen  eastern 
stations,  July  to  September,  1855. 

1856 

28 

209-225 

(1839-1855.) — Terrestrial  magnetism. — Discussion  relative  to  its  distribution 
in  the  United  States. — A.  D.  Baclie  and  J.  E.  Hilgard. 

Methodsand  sources  used  ; corrections  for  secular  variations ; construction 
of  maps  (Sketches  61  and  62) ; comparison  of  maps  for  declination,  dip, 
and  intensity  ; supplementary  note  (Mexican  observations);  Table  I, 
Atlantic,  Gulf,  and  Pacific  sections;  It,  near  parallel  35°,  by  J.  C. 
Ives,  Whipple’s  expedition  ; III,  from  various  new  sources — lakes, 
territories,  Panama  ; IY,  residual  difference  between  the  Coast  Sur- 
vey observations,  reduced  to  1850,  and  the  values  obtained  from  the 
accompanying  map— [Sketches  61  and  62.] 

185G 

29 

226 

Magnetic  observations. — C.  A.  Schott. 

Methods  used  in  observations  of  the  present  year;  magnet  H. 

1856 

30 

227 

(1856.) — Magnetic  elements. — C.  A.  Schott. 

Results  of  observations  for  declination,  dip,  and  intensity  at  stations  in 
Delaware,  Maryland,  and  Virginia. 

1856 

31 

228-235 

(1792-1855.)— Secular  change  of  declination ; Western  coast.— C.  A.  Schott. 
List  of  magnetic  declinations  observed  on  the  western  coast  from  the  ear- 
liest to  the  present  ones,  arranged  in  order  of  geographical  latiiudes. — 
Annual  change;  (1)  San  Diego;  (2)  Monterey;  (3)  San  Francisco ; 
(4)  Cape  Mendocino:  (5)  Cape  Disappointment.— Recapitulation  of 
results  for  secular  change. 

1856 

32 

235-245 

(1780-1855.)— Secular  change  of  inclination ; Atlantic  coast.— C.  A.  Schott. 
Toronto,  Canada ; Albany  and  Greenbush,  N.  Y. ; Cambridge,  Mass. ; 
Providence,  R.  I. ; West  Point  and  Cold  Spring,  N.  Y. ; New  Haven, 
Conn.;  New  York,  N.  Y. ; Philadelphia,  Pa.;  Washington,  D.  C. ; 
Baltimore,  Md. ; recapitulation  of  results.— Table  I,  geographical  po- 
sitions and  number  of  dip  observations ; II,  formula  for  each  station  ; 
III,  probable  error,  epoch  of  minimum  dip  and  annual  variation  in 
current  year. — [Sketch  63.) 

1856 

33 

246-249. 

(1790-1855.) — Secular  change  of  inclination;  western  coast. — Approximate 
determination  of  the  secular  change  of  inclination. — C.  A.  Schott. 
•Table  of  observation  made  up  to  the  present  time ; deductions  therefrom — 
(1)  San  Diego;  (2)  San  Pedro;  (5)  Mouterev;  (6)  San  Francisccf; 
(8)  Fort  Vancouver  ; (10)  Cape  Disappointment. 

1857 

32 

334-342 

Magnetism. — Report  upon  the  gradual  loss  of  magnetism  of  the  several 
magnets  in  use  in  the  Survey  of  the  Coast. — C.  A.  Schott. 

Account  of  magnets:  S 8,  C 32,  C 9,  D,  C 6,  H,  and  Smithsonian  magnet 
used  in  1855. — Table : Recapitulation  of  values  for  magnets  severally, 
and  discussion. — [Sketch  68.] 

1858 

24 

191, 192 

(1856-1858  ) — Magnetic  elements. — Continuation. 

1858 

25 

192-195 

(1680-1850.)— Secular  variation  of  magnetic  declination  at  Hatboro,  Pa.— 
C.  A.  Schott. 

Discussion  and  development  of  an  intermediate  period. —Table  of  declina- 
tions from  1680  to  1850. — Diagram.  — [Ei rata,  p.  193;  1858,  p.  xxi.] 

1858 

26 

195-197 

(1809-1857.)— Secular  variation  at  Washington,  D.  C.  — C.  A.  Schott. 
Declination  from  1809  to  1857. — Dip  from  1839  to  1858. 

1859 

16 

172-175 

(1858. ) — Variation  of  the  compass.— General  tablefor  the  use  of  navigators. — 
[Sketch  38.] 

1859 

278-295 

278 

279 

285 

286 
287 

290 

Discussion  of  the  magnetic  and  meteorological  observations  made  at  the 
Girard  College  Observatory,  Philadelphia,  in  1841,  1842,  1843,  1844, 
and  1845. — A.  D.  Bache.— [Sketch  37.]— [Errata,  pp.  279,  280,  293: 
1860,  p.  xx.] 

Part  I.  Investigation  of  the  eleven-year  period  in  the  amplitude  of  the 
solar-diurnal  variation  and  of  the  disturbances  of  the  magnetic  decli- 
nation. 

Introduction. 

Separation  of  disturbances  and  establishment  of  normal  readings  of  the 
declinometer. 

Analytical  expressions  of  the  regular  solar-diurnal  variation  of  the  dec- 
lination. 

Inequality  of  the  amplitude  due  to  the  eleven  (or  ten)  year  period. 

Discussion  of  the  number  of  disturbances  of  the  declination ; their  an- 
nual inequality. 

Diurnal  inequality  of  the  number  of  disturbances  of  the  declination. 
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290 

292 

296 

Deflections  by  disturbances;  their  mean  annual  amount;  effect  of  the 
eleven  (or  ten)  year  period. 

Deflections  by  disturbances;  their  mean  diurnal  amount. 

Connection  of  the  frequency  of  the  solar  spots  with  the  changes  in  the 
amplitude  of  the  diurnal  variation  of  the  declination. 

1859 

23 

296 

(1859.) — Declination,  dip,  and  intensity. — C.  A.  Schott. 

Results  of  observations  made  by  him  in  Canada,  Maiue,  New  Hampshire, 
Vermont,  Massachusetts,  and  Connecticut.— Footnote  on  disturb- 
ances. 

1859 

24 

296-305 

(1680-1860.)— Secular  change  in  declination.— C.  A.  Schott. 

Variation  of  the  needle  on  the  coasts  of  the  United  States  for  every  tenth 
year  since  1680  ; formulas  expressing  secular  change,  used  for  calcu- 
lating the  tabular  values  for  Group  I,  stations  between  Portland,  Me., 
and  Williamsburg,  Va.,  with  table  of  observations  made  between  1680 
and  1860 ; for  Group  IT,  southern  stations  and  western  coast. — Record 
of  all  observed  declinations  made  use  of  In  the  above  paper  not  here- 
tofore published  in  the  Coast  Survey  Reports. 

1860 

21 

268-271 

(I860.)— Eclipse  expedition  to  Aulezavik  Island,  Labrador.  Report  on  the 
determination  of  the  magnetic  elements  by  Edward  Goodl'ellow,  As- 
sistant, with  notes  by  C.  A.  Schott,  Assistant. 

1860 

23 

293-312 

293 

302 

303 

307 

309 

Discussion  of  the  magnetic  and  meteorological  observations  made  at  the 
Girard  College  Observatory,  Philadelphia,  in  1841, 1842, 1843, 1844,  and 
1845.— A.  D.  Bache. 

Part  II.  Investigation  of  the  solar-diurnal  variation  in  the  magnetic  vari- 
ation, and  its  annual  inequality. 

Investigation  of  the  solar-diurnal  variation  of  the  declination. 

Its  semiannual  inequality. 

Analytical  and  graphical  exhibition  of  the  solar-diurnal  variation  for 
each  month,  summer,  winter,  and  year. 

Maxima  and  minima,  and  times  of  average  value  of  the  declination  ; 
diurnal  range. 

Annual  variation  of  the  declination. 

1860 

24 

312-324 

312 

318 

319 
321 
324 

Discussion  of  the  magnetic  and  meteorological  observations  made  at  the 
Girard  College  Observatory,  Philadelphia,  in  1840,  1841,  1842,  1843, 
1844,  and  1845:— A.  D.  Bache. 

Part  III.  Investigation  of  the  influence  of  the  moon  on  the  magnetic  decli- 
nation. 

Lunar  influence  on  the  magnetic  declination;  tabulation  of  results 
according  to  the  moon’s  hour  angle. 

Comparison  of  lunar-diurnal  variation  for  three  epochs. 

Resulting  lunar-diurual  variation. 

Inequality  in  the  lunar-diurnal  variation. 

Investigation  ol  deflections  depending  upon  lunar  phases;  variation  in 
declination  and  in  parallax. 

1860 

25 

324-326 

Solar  spots.— Report  of  Assistant  C.  A.  Schott  on  the  resultspf  observations 
made  during  the  first  seven  months  of  the  year  1860. 

1860 

26 

326-349 

• 

Key  West  magnetic  station.— Description  of  instruments  and  plan  of  mag- 
netic observatory;  with  results.— W. P. Trowbridge. 

Declinometer,  iccording  cylinder,  and  clock;  vertical-force  magnetometer; 
adjustments;  mean  daily  range  of  temperature  for  each  month,  1851, 
1852,  and  monthly  range  for  four  years ; mean  monthly  temperature 
for  fourteen  years;  lamps;  scale  measurements ; temperature  coeffi- 
cients of  the  horizontal  and  vertical  forces  of  magnets ; photographic 
arrangements;  magnet  H— axis  and  intensity;  dip;  scale  values  for 
intensity  magnets— tables  and  computation  ; experiments  for  temper- 
ature coefficients  of  horizontal-force  magnet,  with  hot  water  and  ice. — 
[Sketches  23  and  24.] 

1860 

27 

350,  351 

Eastport  station,  Maine. — General  description  of  magnetic  station. — L.  F. 
Pourtales. 

1860 

28 

351,  352 

Declination,  dip,  and  intensity  at  various  stations  (supplementary  to  1856, 
p.  227,  and  1858,  p.191). 

1860 

29 

352 

Declination,  dip,  and  intensity,  determined  in  1860  on  the  coasts  of  Massa- 
chusetts, Long  Island,  and  New  Jersey. — C.  A.  Schott. 

1861 

22 

242-251 

Secular  change  of  intensity. — C.  A.  Schott. 

Discussion  of  observations  made  on  the  Atlantic,  Gulf,  and  Pacific  coasts 
of  the  United  States;  intensity  statistics;  notes;  table  of  annual 
change  for  Atlantic  and  Pacific  groups. 
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23 


251-256 


New  discussion  of  the  distribution  of  the  magnetic  declination  on  the  coast 
of  the  Gulf  of  Mexico,  with  a chart  of  the  isogonic  curves  for  1860. — 
C.  A.  Schott. 


1861 


24 


256-259 


New  discussion  of  the  distribution  of  the  magnetic  declination  on  the  coasts 
of  Virginia,  South  Carolina,  and  Georgia,  with  a chart  of  the  isogonic 
curves  for  I860.— C.  A.  Schott. 


1861 


25 


259-261 


Solar  spots. — Abstract  of  observations  made  at  the  Coast  Survey  Office. — C. 
A.  Schott. 


1862 


15 


161-185 


161 
If, 2 
169 

173 

174 

175 
178 

180 

182 

185 


Discussion  of  the  magnetic  and  meteorological  observations  made  at  the 
Girard  College  Observatory,  Philadelphia,  in  1840,  1841,  1842,  1843, 
1844,  and  1845.— A.  D.  Bache.— [Sketch  48.]— [Errata,  pp.  178,  182: 
1862,  p.  iv.] 

Part  IV.  Investigation  of  the  eleven  (or  ten)  year  period  and  of  the  dis- 
turbances of  the  horizontal  component  of  the  magnetic  force. 

Instrumental  notice. 

Correction  of  readings  for  changes  of  temperature;  scale  values. 

Correction  for  progressive  instrumental  change;  hourly  normals  for 
each  month. 

Horizontal  intensity ; absolute  value ; effect  of  the  loss  of  magnetism  ot 
the  bar ; secular  change. 

Separation  of  the  larger  disturbances. 

Corrected  normals. 

Investigation  of  the  eleven  (or  ten)  year  period,  from  changes  in  the 
amplitude  of  the  solar-diurnal  variation. 

Eleven  (or  ten)  year  inequality,  as  indicated  by  the  disturbances. 

Analysis  of  the  disturbances ; annual  and  diurnal  variation. 

Classification  of  disturbances  according  to  their  magnitude. 


1862 


1862 


1862 

1862 


1862 


16 


186-200 


186 

193 

194 

195 
198 
200 


Discussion  of  the  magnetic  and  meteorological  observations  made  at  the 
Girard  College  Observatory,  Philadelphia,  in  1840,  1841,  1842,  1843, 
1844,  and  1845. — A.  D.  Bache. — [Sketch  48.] 

Part  V.  Investigation  of  the  solar-diurnal  variation  and  of  the  annual  in- 
equality of  the  horizontal  component  of  the  magnetic  force. 
Preparation  of  hourly  normals  for  each  month. 

Regular  solar-diurnal  variation. 

Semiannual  inequality  in  the  diurnal  variation. 

Analysis  of  the  solar-diurnal  variation. 

Epochs  of  maxima  and  minima;  amplitude;  epochs  of  average  value. 
Annual  variation  of  the  force. 


17 


202-212 


202 


206 

207 

209 

210 
211 
212 


Discussion  of  the  magnetic  and  meteorological  observations  made  at  the 
Girard  College  Observatorv,  Philadelphia,  in  1840,  1841,  1842,  1843, 
1844,  and  1«45.— A.  D.  Bache. 

Part  VI.  Investigation  of  the  influence  of  the  moon  on  the  magnetic 
horizontal  force. 

Number  of  observations  for  lunar  discussion  and  their  distribution 
according  to  western  and  eastern  hour  angles  of  the  moon;  differences 
from  monthly  normals,  arranged  for  moon’s  hour  angles. 

Lunar-diurnal  variation  for  two  periods. 

Lunar-diurnal  variation  in  summer  and  winter. 

Analysis  of  the  lnnar-diurnal  variation. 

Investigation  of  the  horizontal  force  in  reference  to  lunar  phases. 

Influence  of  the  moon’s  changes  of  declination. 

Influence  of  the  moon’s  changes  of  distance. 


18 


212 


Results  for  declination,  dip,  and  horizontal  intensity  in  Pennsylvania,  in 
the  District  of  Columbia,  and  in  New  York. — C.  A.  Schott. 


19 


212-229 


Abstract  of  results  of  a magnetic  survey  of  Pennsylvania  and  parts  of  ad- 
jacent States  in  1840  and  1841,  with  some  additional  results  ot  1843 
and  1862. — A.  D.  Bache. 

Declinations  observed  by  him  in  1840  and  1841 ; tabular  comparison  of  sec- 
ular changes  in  1840,  1841,  and  1862;  cbronometric  results  for  longi- 
tude; geographical  positions;  distribution  of  declination  for  1842.0  ; 
general  table  of  results  referred  to  common  epoch,  1842.0  ; comparison 
of  observed  and  computed  values ; dip,  distribution  of,  and  isoclinal 
lines  for  1842,  Groups  1 to  4 ; correction  to  epoch ; comparieon  of  ob- 
served and  computed  dip ; horizontal  intensity  and  isodyuamic  lines 
for  1842 ; tabular  formation  of  groups  for  the  analytical  expression  of 
the  distribution  of  horizontal  force  referred  to  1842.0;  comparison  of 
observed  and  hypothetical  computed  values ; representation  of  the 
total  force.— [Sketch  47.] 


20 


230, 231 


Declination,  dip,  and  intensity  at  various  stations  (supplementary  to  lists 
given  in  Annual  Reports  of  1856, 1858,  and  1860,  pp.  351,352>. 


A sub 

Tear. 

1862 

1862 

1862 

1863 

1863 

1863 

1863 

1863 

1864 
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Subject  and  authoi*. 


Solar  spots. —Abstract  of  observations  made  at  tbe  Coast  Survey  Office. — 
C.  A.  Schott. 

Supplementary  to  those  published  in  Report  fvr  1861. 

Bessel's  periodic  functions  developed  for  periods  frequently  occurring  in 
magnetic  and  meteorological  investigations,  with  examples.— C.  A. 
Schott. 

Dipping  needle. — Description  of  a new  form  of  axis  changeable  in  position. — 
J.  E.  Hilgard. 

Discussion  of  the  magnetic  and  meteorological  observations  made  at  the 
Girard  College  Observatory,  Philadelphia,  in  1840,  1841,  1842,  1843, 
1844,  and  1845. — A.  D.  Bache.— [Sketch  30.  | 

Part  VII.  Investigation  of  the  eleven-year  period  and  of  the  disturbances 
of  the  vertical  component  of  the  magnetic  force,  with  a supplement 
on  the  effect  of  auroi-al  lights. 

Instrumental  notice. 

Determination  of  the  effect  of  changes  of  temperature;  scale  values; 
reduction  of  observations  to  a uniform  temperature. 

Recognition  and  separation  of  the  larger  disturbances. 

Investigation  of  the  eleven  (or  ten)  year  period,  in  the  amplitude  of  the 
diurnal  variation. 

Investigation  of  the  eleven  (or  ten)  year  period,  in  the  disturbances,  and 
their  general  analysis. 

Annual  inequality  in  the  number  and  amount  of  disturbances. 

Diurnal  inequality  of  the  disturbances. 

Classification  of  the  disturbances  according  to  their  magnitude. 

Appendix ; effect  of  the  aurora  borealis  on  the  declination,  the  hori- 
zontal'and  vertical  force. 

Discussion  of  the  magnetic  and  meteorological  observations  made  at  the 
Girard  College  Observatory,  Philadelphia,  in  1840, 1841, 1842, 1843, 1844, 
and  1845.— A.  D.  Bache. — [Sketch  30.] 

Part  VIII.  Investigation  of  the  solar-diurnal  variation  and  of  the  annual 
irregularity  of  the  vertical  component  of  the  magnetic  force. 

Preparation  of  hourly  normals  for  each  month  and  year. 

Regular  solar  diurnal  variation. 

Semiannual  inequality  of  the  diurnal  variation. 

Analysis  of  the  diurnal  variation. 

Maxima  and  minima ; ranges ; epochs  of  average  force. 

Annual  inequality  of  the  vertical  force. 

Discussion  of  the  magnetic  and  meteorological  observations  made  at  the 
Girard  College  Observatory,  Philadelphia,  in  1840, 1841, 1842, 1843, 1844, 
and  1845. — A.  D.  Bache. 

Part  IX.  Investigation  of  the  influence  of  the  moon  on  the  magnetic 
vertical  force. 

Number  of  observations  for  lunar  discussion  ; distribution  according  to 
eastern  and  western  hour-angles ; differences  from  monthly  normals, 
arranged  for  moon’s  hour-angles. 

Lunar  diurnal  variation  in  summer  and  winter. 

Analysis  of  the  lunar  diurnal  variation  of  the  vertical  force. 

Lunar  effect  upon  inclination  and  total  force. 

Results  for  the  magnetic  declination,  dip,  and  intensity,  from  observations, 
by  C.  A.  Schott  andG.  W.  Dean,  in  Maine,  Connecticut,  and  the  Dis- 
trict of  Columbia. 

Induction-time  in  relay  magnets.— Report  on  preliminary  experiments  made 
by  Assistant  G.  W.  Dean  to  determine  their  relative  power. 

[See  under  “Longitude”  reference  to  Ann.  Report  for  1864,  App.  No.  20.] 

Discussion  of  the  magnetic  and  meteorological  observations  made  at  the 
Girard  College  Observatory,  Philadelphia,  in  1840, 1841, 1842, 1843, 1844 
and  1845. — A.  D.  Bache. 

Part  X.  Analysis  of  the  disturbances  of  the  dip  and  total  force. 

Formation  of  table  of  disturbances  «f  the  two . component  parts  and 
their  combination  for  dip  and  total  force. 

Analysis  of  disturbances  of  the  inclination. 

Tbe  annual  inequalities  in  amount  and  number;  eleven  (or  ten)  year 
inequality. 

Diurnal  inequalities,  in  amount  and  number. 

Classification  of  disturbances  in  dip,  according  to  their  magnitude. 

Analysis  of  disturbances  of  total  force. 

Their  annual  inequalities,  in  amount  and  number ; eleven  (or  ten)  year 
inequality. 

Diurnal  inequalities,  in  amount  and  number. 

Classification  of  disturbances  in  total  force. 
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1864 

17 

191-199 

193 
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194 

194 
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198 

1864 

18 

199-206 

199 

200 
203 
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18 
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19 
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1864 

20 

211-220 
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1.8 

166-174 

1865 

19 

174-176 

1869 

9 

199-207 

1870 

14 

107-110 

1870 

15 

111-114 

1872 

14 

235-254 

Subject  and  author. 


Discussion  of  the  magnetic  and  meteorological  observations  made  at  the 
Girard  College  Observatory,  Philadelphia,  in  1840, 1841, 1842, 1843, 1844, 
and  1845.— A.  D.  Bache.— [Sketch  38.] 

Part  XI.  Solar  diurnal  variation  and  annual  inequality  of  the  inclination 
and  total  force. 

Combination  of  the  diurnal  normals  of  the  two  components  for  dip  and 
total  force. 

Solar  diurnal  variation  of  the  inclination. 

Its  semiannual  inequality. 

Analysis  of  the  solar  diurnal  variation  of  the  dip. 

Maxima  and  minima;  ranges  and  epochs  of  average  value. 

Solar  diurnal  variation  of  the  total  force. 

Its  semiannual  inequality. 

Analysis  of  the  solar  diurnal  variation  of  the  total  force. 

Annual  inequality  of  the  dip  and  total  force. 

Discussion  of  the  magnetic  and  meteorological  observations  made  at  the 
Girard  College  Observatory,  Philadelphia,  in  1840, 1841, 1842, 1843, 1844, 
and  1845. — A.  D.  Bache. 

Part  XII.  Discussion  of  tho  magnetic  inclination  and  table  of  absolute 
values  of  the  declination,  inclination,  and  intensity  between  1841 
and  1845. 

Discussion  of  the  magnetic  inclination  ; introductory  notice. 

Abstract  of  observations  of  dip  ; monthly  means. 

Collection  of  dip  observations  at  Philadelphia. 

Analytical  expression  of  secular  change  of  dip  normal;  absolute  values 
of  the  magnetic  declination,  dip,  horizontal,  vertical,  and  total  force 
for  five  epochs,  and  the  mean  epoch,  January,  1843. 

Girard  College  observations. — Index  to  discussion  by  A.  D.  Bache. 

Results  of  magnetic  observations  made  in  the  United  States  by  Prof. 
J.  X.  Nicollet  between  1832  and  1836. 

Eduction  time  of  relay  magnets,  deduced  from  experiments.— G.  W.  Dean. 

Results  of  magnetic  observations  made  at  Eastport,  Me.,  between  1860 
and  1864. 

Declination,  diurnal  range  of;  annual  inequality  (diagram);  epochs  of 
greatest  diurnal  deflection ; mean  monthly  values  of  declination 
between  August,  1860,  and  July,  1864;  annual  effect  of  the  secular 
change;  annual  inequality  of  the  declination;  same  at  Toronto; 
comparative  curve. — [Sketch  29  (theodolite  magnetometer).] 

Report  on  the  distribution  of  the  magnetic  declination  on  the  coast  and 
parts  of  the  interior  of  the  United  States.— C.  A.  Schott. 

Isogonic  chart  for  1870. — [Sketches  27  and  28.] 

Report  on  the  results  from  the  observations  made  at  the  magnetic  observa- 
tory on  Capitol  Hill,  Washington,  D.  C.,  between  1867  and  1869. — C.  A. 
Schott. 

Magnetic  instruments;  scheme  of  observing;  instrumental  constants; 
results  ; declination  on  Capitol  Hill ; turning  epochs ; dip  ; horizon- 
tal force ; tabular  synopsis  of  magnetic  elements  observed  in  the  Dis- 
trict of  Columbia. 

New  investigation  of  the  secular  changes  in  the  declination,  dip,  and  in- 
tensity of  the  magnetic  force  at  Washington,  D.  C.— C.  A.  Schott. 

Results  of  observations  for  daily  variation  of  the  magnetic  declination,  made 
at  Fort  Steilacoom,  Washington  Territory,  in  1866,  and  at  Camp  Date 
Creek,  Arizona,  in  1867,  by  David  Walker',  acting  assistant  surgeon, 
U.  S.  A.,  and  discussed  and  reported  by  Assistant  C.  A.  Schott. 

Magnetic  observations  by  means  of  portable  instruments. — C.  A.  Schott. 

(1)  Determination  of  the  magnetic  declination ; adjustment  of  the  decli- 
nometer; example  of  scale  reading ; magnetic  declination  ; example; 
(2)  absolute  and  relative  measures  of  the  magnetic  force ; the  mag- 
netometer; observations  of  deflections;  horizontal  intensity ; deflec- 
tions; form  1 ; magnetometer  with  attached  theodolite;  deflecting 
magnet  in  the  magnetic  prime  vertical ; form  2 ; theodolite  magne- 
tometer; deflecting  and  deflected  magnets  at  right  angles  to  each 
other;  observations  of  oscillations;  example;  calculation;  example 
of  observation  of  deflections;  (3)  determination  of  the  magnetic  dec- 
lination ; reversal  of  poles  of  dipping  needles  ; magnetic  dip  ; speci- 
men of  record  for  finding  magnetic  meridian ; magnetic  dip;  compu- 
tation ; concluding  remarks. 

Appendix.— Ordinary  adjustments  of  the  theodolite. 
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72-108  Secular  change  of  magnetic  declination  in  the  United  States  and  other  parts 
' of  North  America;  new  discussion. — C.  A.  Schott. 

Collection  of  magnetic  declinations,  Halifax, Nova  Scotia;  Quebec,  Can- 
ada; York  Factory,  Hudson  Bay;  Portland,  Me.  ; Burlington,  Rut- 
land, Vt. ; Portsmouth,  N.  H. ; Newburvport,  Salem,  Boston,  Cam- 
bridge, Nantucket,  Mass.;  Providence,  It.  I. ; Hartford,  New  Haven, 
Conn.;  Albany,  Oxford,  Buffalo,  N.  Y. ; Erie,  Pa.;  Cleveland,  Ohio ; 
Detroit,  Mich.;  New  York  and  vicinity,  N.  Y. ; Batborough,  Phila- 
delphia, Pa. ; Washington,  D.  C. ; Cape  Henry,  Va. ; Charleston,  S.  C. ; 
Savannah,  Ga. ; Key  West,  Fla. ; Havana,  Cuba ; Kingston,  Jamaica ; 
Now  Orleans,  La.;  Vera  Cruz,  City  of  Mexico,  Acapulco,  San  Bias, 
Mexico ; Panama,  New  Granada  ; Sau  Diego,  Monterey,  Point  Pinos, 
San  Francisco,  Cal. ; Cape  Disappointment,  W.  T. ; Sitka,  Captains 
Harbor,  Unalashka Island,  Alaska  ; Eastport,  Me. ; Hanover,  Chester- 
field, N.  H. ; Toronto,  Canada;  Baltimore,  Md. ; Williamsburg,  Va. ; 
New  Berne,  N.  C.  ; Mobile,  Florence,  Ala. ; St.  Louis,  Mo. ; Cape  Men- 
docino, Cal.;  Nootka,  Vancouver  Island;  Petropaulovski,  Kamt- 
chatka ; -table  of  empirical  expressions  for  magnetic  declination ; 
comparison  of  magnetic  declination  observed  and  computed ; table, 
number  of  observations  at  each  place ; table  of  decennial  values  of 
the  magnetic  declination. 


1874 


9 109-130 


Magnetic  observations,  Key  West,  Fla. — C.  A.  Schott. 

Monthly  results  for  magnetic  declination,  1860-1866  ; annual  effect  of  the 
secular  change  of  declination  ; annual  variation  of  the  declination  ; 
observed  annual  variation  of  the  declination  at  stations  near  the  At- 
lantic seaboard;  monthly  values  for  magnetic  dip  at  Key  West; 
annual  effect  of  the  secular  change  in  the  dip ; monthly  values  for 
horizontal  intensity  at  Key  West;  annular  effect  of  the  secular 
change  in  the  horizontal  intensity  ; annual  variation  in  the  horizon- 
tal intensity  ; general  table  of  results  from  absolute  measures  of  the 
magnetic  declination,  dip,  and  intensity ; differential  measures  of 
changes  in  magnetic  declination  from  the  Brooke  magnetographs 
at  Key  West,  1860-1866  ; monthly  means  of  hourly  readings  from  the 
photographic  traces  of  the  fixed  declination  at  Key  West;  recapitu- 
lation of  monthly  means  of  declinometer  readings ; permanency  in  the 
line  of  detorsion  in  the  suspension  skein  ; discussion  of  the  disturb- 
ances of  the  magnetic  declination ; monthly  normals  of  hourly  read- 
ings of  the  declinometer  at  Key  West;  mean  monthly  normals  of 
hourly  readings  from  observations  extending  over  six  years  ; number 
of  disturbances  during  six  successive  years ; distribution  of  disturb- 
ances in  the  yearly  period  ; in  the  daily  period  ; average  magnitude 
, of  disturbances  during  successive  years ; in  the  yearly  period  ; in 
the  daily  period;  solar  diurnal  variation  in  the  magnetic  declina- 
tion at  Key  West  for  the  epoch  1863.3;  the  same  between  I860  and 
1866;  the  same  at  Philadelphia  for  the  epoch  1842.5;  diagram  ; char- 
acteristic features  of  the  daily  variation  ; eleven-year  inequality  in  the 
solar  diurnal  variation  ; mean  annual  normals  of  hourly  readings  of 
the  declinometer  for  six  years,  1860-1866,  at  Key  West ; mean  annual 
normal  deflections  at  each  hour. 


1875 


1876 

1877 
1879 


16 


•254-278 


Terrestrial  magnetism. — C.  A.  Schott. 

Instructions  for  magnetical  observations. — (Reprinted  from  Appendix  No. 
14,  Report  of  1872.) 

(1)  Determination  of  the  magnetic  declination ; sketch ; adjustment  of  the 
declinometer;  example  of  scale-reading;  magnetic  declination  ; ordi- 
nary adjustments  of  the  theodolite;  diagram;  example  of  record  and 
reduction  ; solar  diurnal  variation  of  declination  at  Toronto,  Canada, 
Philadelphia,  and  Key  West;  (2)  determination  of  the  magnetic  in- 
clination ; reversal  of  the  poles  of  dipping  needles  ; diagram  No.  29, 
of  dip  circle  ; 29  B,  dip  circle ; magnetic  dip  ; specimen  of  record  for 
finding  magnetic  meridian  ; (3)  absolute  and  relative  measures  of  the 
magnetic  force;  the  magnetometer;  observations  of  deflections; 
forms  1,  2 ; observations  of  oscillations  ; forms  ; example  to  observa- 
tions of  deflections  for  value  of  q of  magnet  H. 


21 


400 


Chart  of  magnetic  declination  in  the  United  States,  1875.— J.  E.  Hilgard. 


7 96-97  Magnetic  observatory  at  Madison,  Wis. — C A.  Schott. 

50  Secular  change  of  the  magnetic  declination  in  the  United  States  and  at 
some  foreign  stations. — (Third  edition  ; two  illustrations.  Separately 
printed.) 


1879  9 


124-174 


Secular  change  of  magnetic  declination  in  the  United  States  and  at  some 
foreign  stations — (Fourth  edition,  Juno,  1881.)— C.  A.  Schott. — (A 
third  edition  was  published  separately  June,  1879.) 

Magnetic  declination,  definition;  solar  diurnal  variation;  annual  varia- 
tion; lunar  inequalities;  magnetic  disturbances;  historical  note; 
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the  needle  used  among  the  Chinese  and  Norwegians  ; the  declination  ; 
isogonic  charts;  secular  variation  of  the  declination;  analytical 
expression  of  the  secular  change  of  the  declination ; collection  of 
magnetic  declination  lor  the  discussion  of  the  secular  change  ; Paris, 
France;  Halifax,  Nova  Scotia;  Quebec,  Montreal,  Canada;  York  Fac- 
tory, Hudson  Bay;  Portland,  Me. ; Burlington,  Rutland,  Vt. ; Ports- 
mouth, N.  H. ; Newb-uryport,  Salem,  Boston,  Cambridge,  Nantucket, 
Mass. ; Providence,  It.  t. ; Hartford,  New  Haven,  Conn. ; Albany,  Ox 
ford,  Buffalo,  N.  Y. ; Toronto,  Canada  ; Erie,  Pa. ; Cleveland,  Ohio  ; 
Detroit,  Mich.  ; St.  Louis,  Mo. ; New  York  and  vicinity,  N.  Y. ; Phila- 
delphia, Harrisburg,  Pa.;  Baltimore,  Md. ; Washington,  D.  C. : Cape 
Heury,  Ya. ; Savannah,  Ga. ; Key  West,  Fla.;  Havana,  Cuba  ; Kings- 
ton, Jamaica;  Panama,  New  Granada  ; Bio  Janeiro,  Brazil;  Mobile, 
Ala.;  New  Orleans,  La.;  Yera  Cruz,  City  of  Mexico,  Acapulco,  San 
Bias,  Mexico;  Magdalena  Bay,  Lower  California;  San  Diego,  Monte- 
rey, Point  Pinos,  San  Francisco,  Cal. ; Cape  Disappointment,  W.  T. ; 
Kailua,  Hilo,  and  Kealakekua  Bays,  Owhyhee,  Sandwich  Islands ; 
Honolulu,  Oahu,  Sandwich  Islands;  Sitka,  Alaska;  Captains  Harbor, 
Unalashka  ; Petropaulovski,  Kamtcliatka;  St.  Johns,  Newfoundland  ; 
Eastport,  Me. ; Hanover,  Chesterfield,  N.  H. ; Sault  Ste.  Marie,  Grand 
Haven,  Mich. ; Williamsburg,  Va. ; New  Berne,  N.  C. ; Florence,  Ala. ; 
Bermuda  Islands ; San  Antonio,  Tex. ; Omaha,  Nebr. ; Council  Bluffs, 
Iowa;  Salt  Lake  City,  Utah  ; Cape  Mendocino,  Cal. ; Port  Townsend, 
W.  T. ; Nee-ali  Bay,  W.  T. ; Nootka,  Yancouver  Island. — Table  I, 
formula  for  magnetic  declination  at  various  places  ; Table  IT,  compar- 
ison of  observed  and  computed  magnetic  declinations;  Sketch  No. 
38;  Table  III,  number  of  observations;  apparent  probable  error  of 
observation;  Sketch  No.  37;  Sketch  No.  39;  Table  IY,  decennial 
values  of  the  magnetic  declination  computed  from  preceding  equa- 
tions. 


1880 


1881 


1881 


19 


8 


412-417 


Variation  of  the  compass  off  the  Bahama  Islands  at  the  time  of  the  landfall 
of  Columbus  in  1492. — C.  A.  Schott. 

Kemarks  on  the  early  use  of  the  compass  ; at  the  time  of  Columbus ; reck- 
oning time;  notes  on  the  voyages  of  Columbus ; line  of  no  variation ; 
corrections  to  the  agonic  line  ; track  of  Columbrs  across  the  Atlantic 
in  1492  in  tabular  form ; conclusions. — [Sketch  No.  84.] 


126-158  Directions  for  magnetic  observations  with  portable  instruments.— (Third 
and  enlarged  edition,  with  4 plates.) — By  Charles  A.  Schott,  Assistant. 

Introductory  remarks;  selection"of  stations ; I,  determination  of  the  mag- 
netic declination ; definition;  finding  the  true  meridian  : adjustment 
. of  the  theodolite  and  alt-azimuth  instrument;  formula?  for  determin- 
ing azimuth  and  time ; examples  of  record,  and  reductions  from  sun 
observations  and  from  observations  on  Polaris;  adjustment  of  the 
declinometer  and  magnetometer  ; observations  for  magnetic  axis  and 
scale  values,  with  examples ; table  of  solar  diurnal  variation  of  the 
declination  at  Toronto,  Canada,  at  Philadelphia,  Pa.,  and  at  Key  West, 
Fla. ; tables  of  the  times  and  azimuths  of  Polaris  at  elongation,  for 
the  use  of  surveyors  in  determining  the  true  meridian  ; observations 
for  magnetic  declination  ; II,  determination  of  the  magnetic  inclina- 
tion ; description  of  instrument;  adjustment  of  dip  circle;  reversal 
of  poles  of  dipping  needles ; observations  for  inclination  or  dip,  with 
example  ; observations  of  dip  by  means  of  a loaded  needle  (the  Mayer 
method),  with  example  of  record  and  reduction  ; determination  of  the 
relative  total  intensity  by  means  of  the  dip  circle  in  connection  with 
deflecting  weights,  as  devised  by  Bev.  H.  Lloyd,  with  formula?  and  ex- 
ample; determination  of  relative  total  intensity  by  means  of  the  dip 
circle,  combiningdeflections  by  gravity  and  magnetism,  by  Dr.  Lloyd's 
method,  with  formulae  and  example ; III,  absolute  and  relative  meas- 
ures of  the  magnetic  force ; units  of  measure  of  the  magnetic  force ; 
description  and  use  of  the  magnetometer ; observations  of  deflections, 
with  examples  of  record  and  reduction ; determination  of  magnetic 
constants ; observations  of  oscillations,  with  example  of  record  and 
reduction ; corrections  for  inequality  of  temperature  ; example  of  ob- 
servations of  deflection  for  value  of  q (temperature  coefficient) ; intro- 
duction of  absolute  for  relative  values  of  the  horizontal  force,  as  de- 
termined by  oscillations  alone;  concluding  remarks;  formula  for  total 
force  ; constants  for  the  conversion  of  intensity  into  different  units  ; 
list  of  standard  works  on  magnetism ; illustrations  of  the  different 
forms  of  magnetometers,  and  of  the  Kew  dip  circle.— [Illustrations 
34-37.] 

159-224  Terrestrial  magnetism.— Collection  of  results  for  declination,  dip,  and  in- 
tensity, from  observations  made  by  the  U.  S.  Coast  and  Geodetic  Sur- 
vey between  1833  and  1882,  July.— By  Charles  A.  Schott,  Assistant. 

Introductory  remarks ; explanation  of  the  tables  of  magnetic  results ; 
tables  of  magnetic  results  arranged  by  States  and  Territories  in  alpha- 
betical order,  with  a table  headed  “Foreign  countries,”  ending  with 
a description  of  stations  arranged  in  same  order. 
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211-276  On  the  secular  variation  of  the  magnetic  declination  in  the  United  States 
and  at  some  foreign  stations.  — (Fifth  edition,  November,  1882.)— By 
Charles  A.  Schott,  Assistant. 

Introductory  remarks ; solar-diurnal  variation  ; annual  variation  ; lunar 
inequalities;  secular  variation;  magnetic  disturbances;  historical 
note;  the  declination ; isogonic  charts;  the  secular  variation  of  the 
declination  ; analytical  expression  of  the  secular  variation  of  the  mag- 
netic declination  ■ collection  of  magnetic  declinations,  observed  at  va- 
rious places  in  the  United  States  and  at  some  foreign  stations,  from 
the  earliest  to  the  present  time,  and  found  suitable  for  the  investiga- 
tion of  the  secular  variation  ; Table  I,  formulae  expressing  the  mag- 
netic declination  at  various  places  and  for  any  time  within  the  limits 
of  observation,  deduced  from  the  preceding  collection  of  results; 
Table  I (6),  expressions  for  the  magnetic  declination  at  subordinate 
stations;  Table  II,  comparison  of  observed  and  computed  magnetic 
declinations;  Table  J 11.  annual  change  of  the  declination  and  other 
data;  Sketches  33,  Bo,  graphically  representing  the  secular  variation 
at  Baltimore,  Md.,  San  Francisco,  Cai.,  and  at  Paris,  France  ; Sketch 
34,  showing  the  position  of  the  agonic  line  for  1790  and  1885,  and  an- 
nual change  of  the  magnetic  declination  for  the  epoch  1885  ; chart  of 
the  secular  change  in  the  position  of  the  agonic  line  of  the  North  At- 
lantic between  1500  and  1900  ; Table  IV,  decennial  values  of  the  mag- 
netic declination. — [Illustrations  33-36.] 


1882 


13 


277-328 


Distribution  of  the  magnetic  declination  in  the  United  States  at  the  epoch, 
January,  1885,  with  three  isogonic  charts  and  one  plate.— By  Charles 
A.  Schott,  Assistant. 

Prefatory  remarks ; method  of  forming  tables  of  observed  magnetic  dec- 
linations and  corresponding  values  referred  to  epoch,  Jan  uary,  1885; 
a chart  showing  disturbed  isogonics  ; table  of  results  for  Alaska, 
formed  with  a view  of  expressing  the  declination  to  1885  in  a function 
of  the  latitude  <p  and  the  longitude  A;  discussion  by  Lloyd’s  formula  ; 
table  of  magnetic  declinations,  fortbe  most  part  observed  in  thepres- 
ent  century,  reduced  to  the  epoch,  January  1, 1885,  which  forms  the 
basis  for  the  construction  of  three  isogonic  charts  of  the  United 
States,  Nos.  38,  .39,  and  40. 


1882 


1883 


14 


329-426 


Records  and  results  of  magnetic  observations  made  at  the  charge  of  the 
“Bache  fund”  of  the  Nat  onal  Academy  of  Sciences,  from  1871  to 
J 1876.— Executed  under  the  direction  of  J.  E.  Hilgard,  M.  N.  A.  S. ; 
data  collated  and  abstracts  prepared  by  H.  W.  Blair,  Assistant. 

Prefatory  remarks;  magnetic  survey,  187 i-’72;  descriptions  of  stations; 
declinations  for  1871-72  ; table  of  declinations,  with  an  explanation  of 
table;  horizontal  intensity  for  1871-72  ; method  of  observing  ; tables 
of  results  for  horizontal  intensity,  arranged  by  stations  ; table  of  gen- 
eral-results for  1871-72;  decimation,  dip,  horizontal  intensity;  de- 
scriptions of  stations  for  1873 ; table  of  results  for  declination  for  1873 ; 
observations  for  local  time ; observations  tor  dip ; observations  for 
horizontal  intensity  ; general  results  for  1873  ; descriptions  of  stations 
for  1874  ; observations  for  declination  for  1874  ; observations  for  local 
time;  observations  for  dip;  observations  for  intensity;  general  re- 
sults for  1874  ; descriptions  of  stations  for  1875 ; observations  for  dec- 
lination; observations  for  local  time;  observations  for  declination, 
continued;  observations  for  local  time,  continued ; 1876,  observations 
for  declination  ; observations  for  dip ; observations  for  horizontal  in- 
tensity ; general  results  for  1876 ; summary  of  results,  1871  to  1876. 


13 


323-365 


Account  and  results  of  magnetic  observations  made  under  the  direction  of 
the  U.  S.  Coast  and  Geodetic -Survey, in  co-operation  with  the  U- S. 
Signal  Office,  at  the  U.  S.  Polar  Station,  Ooglaamie,  Point  Barrow, 
Alaska. — Lieut.  P.  Henry  Ray,  A.  S.  O.,  commanding  post ; redaction 
and  discussion  by  Charles  A.  Schott,  Assistant. 

Table  of  contents ; Part  I,  introduction ; instructions  and  notes  for  the 
guidance  of  the  observers  to  be  stationed  at  Point  Bat  row,  Alaska, 
and  at  Lady  Franklin  Bay,  north  of  Smith  Sound,  Arctic  Ocean,  with 
a plan  for  magnetic  house  for  Point  Barrow ; memorandum  furnished 
Point  Barrow  relief  party,  with  plan  for  new  observatory  ; notes  on 
the  mounting ; the  adjustment  and  the  determination  of  instrumental 
constants  of  the  Brooke  differential  magnetometers;  (1)  the  declina- 
tion or  unifilar  magnetometer,  (2)  the  horizontal  force  or  bifilar  mag- 
netometer, (3)  the  Vertical  force  or  balance  magnetometer  ; geograph- 
ical position  of  Ooglaamie  Station,  Alaska ; sketch  of  U.  S.  Polar  Sta- 
tion, Ooglaamie,  Alaska  ; Part  II,  absolute  measures  ; monthly  values 
of  the  magnetic  declination,  dip,  and  intensity  at  Ooglaamie,  Decem- 
ber, 1881,  to  August,  1883  ; Part  II I,  differential  measures ; hourly  va- 
riations of  the  declination,  horizontal,  and  vertical  intensities,  with 
bimonthly  term-day  readings,  at  Ooglaamie,  December,  1881,  to  Au- 
gust, 1883;  adjustments  of  the  Brooke  differential  magnetometers ; 
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recapitulation  of  monthly  mean  values  (inclusive  of  disturbances)  of 
hourly  readings  of  Brooke  declinometer  at  Ooglaamie,  Alaska,  1882— *83 ; 
solar-diurnal  variation  of  the  declination,  inclusive  of  disturbances, 
with  a graphical  representation ; separation  of  the  larger  magnetic 
variations  or  so-called  disturbances  and  their  di.-cussion  ; thebifilar 
magnetometer. — [Illustration  34.  ] 


1885 


6 


129-274 


The  geographical  distribution  and  secular  variation  of  the  magnetic  dip  and 
intensity  in  the  United  States. — By  Charles  A.  Schott,  Assistant. 

Prefatory  letter ; introduction  ; Part  I,  explanation  of  the  general  table ; 
Table  I,  observed  magnetic  dips  and  horizontal  and  total  magnetic 
intensities  in  the  United  States  and  adjacent  regions,  arranged  alpha- 
betically; Part  II,  secular  variation  of  the  magneticdip  in  the  United 
States;  introductory  remarks;  discussion  of  dip  by  least  squares; 
Table  II,  annual  values  of  observed  magneticdip  at  prominent  sta- 
tions and  comparison  of  observed  and  computed  dips ; two  groups  of 
stations  exhibiting  for  every  fif  h year  change  in  dip,  from  1830  to 
1885,  to  be  used  in  connection  with  secular  variations  of  the  horizon- 
tal component  of  the  force,  and  of  the  total  force  ; type  curves  of  the 
secular  variation  of  the  dip  ; Part  III,  socular  variation  of  the  hori- 
zontal component  of  the  magnetic  force  and  of  the  total  intensity  in 
the  United  States;  Table  III,  annual  values  of  observed  magnetic 
horizontal  force  at  prominent  stations ; three  type  curves  showing 
secular  variation  of  the  horizontal  intensity — first,  for  the  northeast- 
ern part  of  the  United  States;  second,  for  the  eastern  part  of  the 
United  States  ; third,  for  the  western  coast  of  the  United  States ; sec- 
ular variation  of  the  total  intensity  of  the  magnetic  force;  secular 
variation  of  the  direction  of  a freely- suspended  magnetic  needle,  with 
a type  curve,  for  the  New  England  States,  from  1820  to  1885 ; construc- 
tion of  isomagnetic  maps  of  the  United  States,  showing  the  distribu- 
tion of  the  dip,  and  of  the  horizontal  component  and  total  value  of  the 
earth’s  magnetic  intensity,  for  the  epoch,  January  1, 1885.— [Illustra- 
tions 19-24.] 


1885 


7 


275-284 


Collection  of  some  magnetic  variations  off  the  coast  of  California  and  Mex- 
ico, observed  by  Spanish  navigators  in  the  last  quarter  of  the 
eighteenth  century.— Communicated  by  George  Davidson,  Assistant. 

Prefatory  letter ; table  of  results  obtained  during  the  voyage  of  the  frigate 
Santiago  for  discovery  of  north  coast  of  California;  table  of  results 
obtained  by  frigate  Santiago  and  schooner  Sonora;  table  of  results 
obtained  by  Sr.  Yirey  and  Antonio  Bucareli,  commanding  two  frig- 
ates in  expedition  of  1779 ; table  of  results  obtained  during  the  voyage 
of  1788,  in  vessels  Princessa  and  San  Carlos,  northern  coast  of  Califor- 
nia stable  of  results  obtained  during  the  voyage  of  the  packet  San 
Carlos  from  Ounalaska  to  San  Bias  (coincidently  with  frigate  Prin- 
cessa) ; table  of  results  obtained  during  the  voyage  from  San  Bias  to 
Nutka,  1790  ; record  of  the  packet  Philipino,  commanded  by  Fidalgo 
in  his  voyage  of  discovery,  in  1790,  from  Nutka  to  Prince  William, 
Cooks  Itiver,  and  return  to  Monterey;  record  of  the  sloop  Princess 
Royal,  voyage  from  Santa  Cruz  to  Straits  of  Fuca,  year  1790,  com- 
manded by  Don  Manuel  Quimper. 


188G 


12 


291-407  I The  secular  variation  of  the  magnetic  declination  in  the  United  States  and 
at  some  foreign  stations  (sixth  edition,  greatly  enlarged,  April, 
1887).— By  Charles  A.  Schott,  Assistant. 

Introduction  ; the  magnetic  declination  ; the  solar-diurnal  variation ; the 
annual  variation  ; the  secular  variation : magnetic  disturbances  or 
storms;  historical  note ; the  declination;  isogonic  charts ; the  secular 
variation  of  the  declination  ; analytical  expression  of  the  secular  va- 
riation of  the  magnetic  declination  ; illustration  representing  graphi- 
cally the  secular  variation  of  the  magnetic  declination  at  Paris, 
France,  from  1540  to  1900;  collection  of  observed  magnetic  declina- 
tions suitable  for  the  investigation  of  the  secular  variation  : Group  T, 
series  of  magnetic  stations,  mainly  on  the  Atlantic  coast,  and  in  the 
region  east  of  the  Appalachian  range, 43  stations;  results  for  Group 
I,  with  an  analytical  expression  (in  which  the  magnetic  declination  is 
expressed  as  a function  of  the  time)  for  each  station  ; Group  I,  com- 
parison of  observed  and  computed  agnetic  declinations  ; results  for 
Group  I,  completed  ; Group  II,  series  of  magnetic  stations,  mainly  in 
the  central  part  of  the  United  States,  between  the  Appalachian  and 
Rocky  Mountain  ranges,  24  stations ; results  for  group,  with  an  ana- 
lytical expression  for  each  station  in  which  the  magnetic  declination 
is  expressed  as  a function  of  the  time  ; Group  II,  comparison  of  ob- 
served and  computed  magnetic  declinations ; results  for  Group  II 
completed ; Group  III,  collection  of  magnetic  declinations  from  the 
earliest  to  the  present  tirao,  observed  on  or  near  the  Pacific  coast  of 
the  United  States  and  west  of  the  Rocky  Mountains  and  extending 
over  the  region  from  the  Isthmus  of  Tehuantepec,  Mexico,  northward 
to  Bering  Strait  and  the  Arctic  Ocean,  coast  of  Alaska;  subdivision 
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into  groups  from  A to  G ; thirty-nine  magnetic  stations,  mainly  on 
the  Pacific  coast  and  in  the  region  west  of  the  Rocky  Mountains; 
results  for  Group  III,  with  an  analytical  expression  for  each  station 
in  which  the  magnetic  declination  is  expressed  as  a function  of  time; 
Group  III,  comparison  of  observed  aud  computed  magnetic  declina- 
tions ; results  for  Group  III  completed ; graphical  illustration  of  the 
secular  variation-,  illustration  No.  31 ; secular  change  in  the  position 
of  the  agonic  line  of  North  Atlantic  between  1500-1900,  illustration 
No.  33 ; progressive  change  in  the  secular  variation,  with  a discussion 
of  the  subject ; the  probable  errors  of  some  of  the  early  observa- 
tions.—[Illustrations  29-33.] 


1887 


10 


207-210 


The  magnetic  work  of  the  Greely  Arctic  Expedition.— Abstract  of  a report 
by  Charles  A.  Schott,  Assistant. 

A shor  t historical  account  of  the  expeditions  sent  out  in  command  of  Lieut. 
Greely  and  Lieut.  Ray ; astronomical  and  magnetic  work  of  Ser- 
geant Israel;  magnetic  observatory  at  Fort  Conger;  determination  of 
latitude,  longitude, *and  azimuth;  the  number  of  magnetic  observa- 
tions and  scheme  for  observing  the  declination;  solar-diurnal  varia- 
tion ; annual  variation;  hourly  observations ; term-day  and  term- 
hour  observations ; observations  of  oscillations ; observations  for  dip ; 
dates  of  aurora  displays;  tables  of  magnetic  results  derived  from  the 
work  of  other  Arctic  explorers  ; annual  change  in  declination  in  this 
region ; importance  of  a redetermination  of  the  A merican  pole  of  dip. 


1888  | 
1888 


25-28 


Bulletin  No.  5. — The  value  of  the  “ Arcano  del  Mare  ” with  reference  to  our 
knowledge  of  the  magnetic  declination  in  the  earlier  part  of  the  sev- 
enteenth century. — (Two  illustrations.) — By  C.  A.  Schott,  Assistant. 


29-33 


Bulletin  No.  6. — Secular  variation  in  the  position  of  the  agonic  line  of  the 
North  Atlantic  and  of  America  between  the  epochs  1500  > and  1900 
A.  D.— (Three  illustrations.)— By  Charles  A.  Schott,  Assistant. 


1888 


35-40 


1888 

j 

1888  | 
! 


6 167-176 

7 177-312 


Bulletin  No.  7. — Historical  review  of  the  work  of  the  Coast  and  Geodetic 
Survey  in  connection  with  terrestrial  magnetism. — By  Charles  A. 
Schott,  Assistant.  (Four  illustrations.) 

(Same  title  as  Bulletin  No.  5—1888.)  The  value  of  the  Arcano  del  Mare, 
etc.  (Two  illustrations.) 

The  secular  variation  of  the  magnetic  needle  in  the  United  States  and  at 
some  foreign  stations. — By  Charles  A.  Schott,  Assistant. 

(Seventh  edition.  June,  1889.)  Introduction;  the  magnetic  declination ; the 
solar-diurnal  variation ; the  annual  variation;  the  variation  depending 
on  the  solarrotation;  the  Junar  inequalities;  the  secular  variation  ; plate 
showing  secular  variation  of  the  magnetic  declination  at  Paris,  France; 
magnetic  disturbances  or  storms;  historical  note;  the  declination:  iso- 
gonic  charts;  the  secular  variation  of  the  declination;  analytical  expres- 
sion of  the  secular  variation  of  the  magnetic  declination;  collection  of 
observed  magnetic  declinations  suitable  for  the  investigation  of  the 
secular  variation;  Group  I. — Series  of  magnetic  stations  mainly  on 
the  Atlantic  coast  and  in  the  region  east  of  the  Appalachian  range, 
list  of  stations  and  explanation  of  tables;  Group  I. — Collection  of 
observed  magnetic  declinations,  eastern  series;  results  for  Group  I; 
Group  I.— Comparison  of  observed  and  computed  magnetic  deolina 
tions;  results  for  Group  I continued;  Group  II. — Series  of  magnetic 
stations  mainly  in  the  central  part  of  the  United  States  between  the 
Appalachian  and  Rocky  Mountain  ranges;  results  for  Group  II; 
Group  II.— Comparison  of  observed  and  computed  magnetic  declina- 
tions; results  for  Group  II  continued;  Group  III.— Collection  of 
magnetic  declinations  from  the  earliest  to  the  present  time,  observed 
on  or  near  the  Pacific  coast  of  the  United  States  and  west  of  the 
Rocky  Mountains,  and  extending  over  the  region  from  the  Isthmus 
of  Tehuantepec,  Mexico,  northward  to  Bering  Strait  and  the  Arctic 
Ocean,  coast  of  Alaska;  map  showing  isogonic  lines  for  the  year  1783, 
constructed  from  observations  made  by  Spanish  navigators  between 
L774  and  1790,  San  Bias,  Mexico,  to  Vancouver  Island  ; results  for 
Group  III;  Group  III. — Comparison  of  observed  and  computed  mag- 
netic declinations;  graphical  illustration  of  the  secular  variation 
and  of  the  annual  change  (plate  and  text) ; secular  variation  in  the 
position  of  the  agonic  line  of  the  North  Atlantic  and  of  America 
between  the  epochs  1500  aud  1900  A.  D".  (1  plate);  plate  showing 
isogonic  curves  of  1700  to  1750  A.  D. ; progressive  change  in  the 
secular  variation;  early  attempts  to  locate  the  North  American  mag- 
netic pole. 
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1889 

1 

11 

233-102 

1890 

8 

199-241 

1890 

9 

: 243-457 

1890 

211-214 

1890 

12 

G25-C84 
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The  distribution  of  the  magnetic  declination  in  the  United  States  for  the 
epoch  of  1890. 

Table  of  contents  ; list  of  illustrations;  introduction;  retrospective  view 
of  work  done  by  the  Coast  and  Geodetic  Survey  relating  to  magnetic 
declinations  ; theory  and  effect  of  local  disturbances  in  the  distribu- 
tion of  the  declination,  dip,  and  intensity  ; collection  and  tabular  ar- 
rangement of  magnetic  declinations ; general  distribution  of  data  in 
the  States,  Territories,  and  other  geographical  divisions  ; table  of  ob- 
served declinations  and  values  reduced  to  the  year  1890  ; construction 
of  the  isogonic  curves  for  the  United  States  (exclusive  of  Alaska) ; 
distribution  of  the  declination  in  Alaska  and  adjacent  regions;  estab- 
lishment of  an  analytical  expression  for  the  distribution  in  Alaska  ; 
construction  of  the  isogonic  curves  for  Alaska ; definition  of  mag- 
netic meridians  and  parallels , construction  of  magnetic  meridians 
for  the  United  States  (exclusive  of  Alaska). 

illustrations:  Plato  No. 24. disturbed  isomagnetic  curves;  Chart  No.  25, 
isogonic  curves  for  the  United  States  (exclusive  of  Alaska)  at  the 
epoch  1890  (January);  Chart  No.  26,  isogonic  curves  for  Alaska  and 
adjacent  parts,  with  annual  change  of  the  declination,  for  1890  ; Chart 
No.  27,  magnetic  meridians  of  the  United  States  (exclusive  of  Alaska) 
and  annual  change  of  the  declination  for  the  epoch  of  1890. 

Terrestrial  magnetism. — Results  from  the  magnetic  observatory  of  the  Coast 
and  Geodetic  Survey  at  Los  Angeles,  Cal.,  between  the  years  1882  and 

1889. 

Part  I,  Results  of  the  absolute  measures  of  the  direction  and  intensity  of 
the  earth’s  magnetic  force. — Discussion  and  report  by  C.  A.  Schott, 
Assistant. 

Part  II,  Resu  ts  of  the  differential  measures  of  the  magnetic-declination, 
with  hourly  readings  of  the  unitilar  traces. — By  Charles  A,  Schott, 
Assistant.  (Nine  illustrations.) 

Bulletin  No.  20.— The  magnetic  observations  made  on  Bering’s  first  voyage 
to  the  coasts  of  Kamchatka  and  Eastern  Asia  in  the  years  1725  to 
1730. — Discussion  by  C.  A.  Schott,  Assistant. 

Determinations  of  gravity  and  the  magnetic  elements  in  connection  with 
the  U.  S.  Scientific  Expedition  to  the  west  coast  of  Africa,  1889-1890.— 
A report  by  E.  D.  Preston,  Assistant.  (Eleven  illustrations.) 


ASTRONOMY. 


1849  5 


1851  9 


1851 


40 


1855  45 


I860  21 


72-78  ' Mechanical  record  of  astronomical  observations — O.  M.  Mitchel. 

; Revolviug  disk ; arrangement  for  recording  differences  of  declination. 

137-145  ! Report  on  a new  method  of  recording  differences  of  north  polar  distances, 
or  declination,  by  electro-magnetism. — O.  M.  Mitchel. 

122-127  Solar  eclipse,  May  26, 1854. 

Observations  made  at  Brooklyn,  Long  Island,  reported  by  E.  Blunt ; at 
Seaton  station,  Washington,  D.  C.,  by  C.  O.  Boutelle ; at  Roslyn  sta- 
tion, near  Petersburg,  Va.,  by  L.  F.  Pourtales  ; Black  Mountain  sta- 
tion, Cal.,  by  R.  D.  Cutts  ; Benicia,  Cal.,  by  Prof.  James  Nooney;  Hum- 
boldt Bay,  Cal.,  by  G.  Davidson,  Assistant. 

278-286  Star  catalogues.— C.  A.  Schott,  Assistant. 

Comparison  of  star  places  given  in  Riimker’s  and  the  Twelve- Year  Cata- 
logues.—Table  I,  comparison  of  right,  ascensions;  Table  II,  of  north 
polar  distances. 


229-275 


Solar  eclipse,  July  18, 1860. — Prof.  Stephen  Alexander. 

Resultsof  the  expedition  to  Aulezavik  Island,  Labrador,  to  observe  the  total 
eclipse  of  the  18ih  of  July,  1860 ; tabular  comparison  of  chronometers ; 
arrangement  and  programme  ; description  of  the  telescopes  employed  ; 
synopsis  of  the  observations  ; times  of  contacts  ; same  in  local  mean 
time  (civil  reckoning)  ; other  observations ; reports  from  special 
parlies;  earth  temperature  (Aulezavik);  atmospheiical  electricity; 
icebergs,  mirage,  etc. ; triple  rainbow ; auroras ; table  of  meteoro- 
logical observations  made  during  the  hours  corresponding  to  the 
eclipse  at  Aulezavik,  from  July  14  to  July  23.  and  during  the  continu- 
ance of  auroi  as  from  June  30  to  August  6 ; observations  with  Arago’s 
polariscope;  report  of  photographers;  changes  of  illumination;  sea- 
men’s observations;  winds;  magnetic  elements;  longitude  by 
chronometers.— [Sketch;  39.]  — [Errata  239,  275:  I860,  p.  xx.] 
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1860 

2 

275-292 

Solar  eclipse. — Lieut.  J.  M.  Gilliss,  TJ.  S.  N. 

On  the  results  of  observations  made  near  Fort  Steilacoom,  W.  T.,  on  the 
solar  eclipse  of  July  18,  I860;  preliminary;  table  of  meteorological 
observations  on  Muck  Prairie  ; latitude  observations ; time  observa- 
tions ; chronometer  errors  and  rates  ; longitude;  the  eclipse;  reports 
from  special  parties. 

1861 

16 

182-195 

Report  upon  the  determination  of  the  longitude  of  America  and  Europe  from 
the  solar  eclipse  of  July  28, 1851. — By  Benjamin  Peirce,  ll.  d. 

1861 

17 

196-221 

Report  of  Professor  Benjamin  Peirce  on  an  example  for  the  determination  of 
longitudes  by  occultations  of  the  Pleiades. 

1861 

19 

232-239 

Solar  eclipse  of  July,  I860.— A.  D.  Bache,  Superintendent. 

Abstract  of  observations  made  at  Gunstock  Mountain,  N.  H.  ; (1)  disposi- 
tions; (2)  first  contact;  (3)  positions  of  spots;  J,  table  of  observa- 
tions, July  17  ; 11,  July  18,  before  ; III,  during ; IV,  after  the  eclipse  ; 
(4)  occultation  of  spots;  (5)  last  contact;  (6)  phenomena.— [Sketch 
29.]— [Errata,  232:  1862,  front  leaf.] 

186! 

20 

239-241 

Solar  eclipse  of  July,  1860. — C.  A . Schott,  Assistant. 

Abstract  of  observations  made  at  the  Coast  Survey  Office,  Washington, 
I).  C. ; first  contact ; last  contact ; after  the  eclipse ; heliographic  po- 
sition of  the  spots. 

1861 

21 

241-242 

Solar  eclipse  of  July,  1860. — Dr.  B.  A.  Gould,  Assistant. 
Abstract  of  observations  made  at  Cambridge,  Mass. 

1861 

25 

259-261 

Solar  spots.— C.  A.  Schott,  Assistant. 

Abstract  of  observations  made- at  the  Coast  Survey  Office,  Washington, 
D.  C. ; table  from  August,  1860,  to  December,  1861,  and  monthly  rela- 
tive numbers,  compared  with  Wolf’s  revised  numbers ; spotless 
day s.— [Sketch  29.] 

1862 

12 

155, 156 

On  the  computations  of  the  occultations  of  the  Pleiades  for  longitude. — 
Report  by  Prof.  Benjamin  Peirce,  of  Harvard. 

1862 

13 

157, 158 

Upon  the  Tables  of  the  Moon  used  in  the  reduction  of  the  Pleiades.— By  Prof. 
Benjamin  Peirce,  of  Harvard. 

1862 

15 

Standard  places  of  fundamental  stars  (first  edition).— Dr.  B.  A.  Gould, 
Assistant. 

1862 

21 

231-232 

Solar  spots. — Report  on  observations  made  at  the  Coast  Survey  Office  from 
January  to  August,  1862. — By  C.  A.  Schott,  Assistant. 

1865 

15 

152-154 

Report  and  tables  on  the  declinations  of  standard  time-stars. — Dr.  B.  A. 
Gould,  Assistant. 

1865 

16 

155-159 

Report  and  tables  on  the  positions  and  proper  motions  of  the  four  polar 
stars.— Dr.  B.  A.  Gould,  Assistant. 

1866 

15 

Standard  places  of  fundamental  stars  (second  edition). — Dr.  B.  A.  Gould, 
Assistant. 

1869 

7 

113-115 

Local  deflections  of  the  zenith  in  the  vicinity  of  Washington  City.— C.  A. 
Schott,  Assistant. 

1869 

8 

116-198 

Solar  eclipse,  August  7, 1869. 

Reports  of  observations  of  the  eclipse  of  the  sun  on  August  7, 1869,  made 
by  parties  of  the  Coast  Survey  at  the  following  stations:  Bristol, 
Tenn.,in  charge  of  R.  D.  Cutts  ; Shelby ville,  Ky.,  J.  Winlock  and  G. 
W.  Dean  ; Springfield,  111.,  C.  A.  Schott ; Des  Moines,  Iowa,  J.  E.  Hil- 
gard  ; Kohklux,  Chilkaht  River,  Alaska,  G.  Davidson.— General  path 
of  the  eclipse;  contacts;  obscuration  of  solar  spots;  breaking  of  sun’s 
limb  by  lunar  asperities;  effects  of  optical  inaccuracies;  totality; 
protuberances;  corona;  emergence;  northern  and  souihern  limits 
of  totality  ascertained;  spectroscopic  observations;  photographic 
records  ; reduction  of  mierometric  photograph  measures  ; deviation 
of  photographed  sun’s  outline  from  a circle,  after  corrections;  com- 
putations of  results. — [Sketches  24,  25,  and  26.] — [Errata  165.] 

1870 

16 

115-177 

Reports  of  observations  upon  the  solar  eclipse  of  December  22, 1870 ; extent 
of  the  corona  as  indicated  by  the  spectroscope,  p.  150  ; nature  of  the 
coronal  envelope  and  its  relation  to  the  sun,  p.  152 ; constitution  of  the 
solar  atmosphere,  p.  153  ; suggestions  with  reference  to  the  observa- 
tion of  future  eclipses,  pp.  154-158. 

H,  Ex,  43,  pt.  2-28 
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1870 

16 

229 

Report  on  the  solar  eclipse  of  December  22, 1870.— Prof.  Benjamin  Peirce, 
LL.  D. — [From  report  for  1871.  J 

1871 

13 

176-179 

Total  solar  eclipse,  December  22,  1870. — G.  W.  Dean,  Assistant. 
Abstract  of  the  chronographic  record. 

1871 

14 

180-184 

Total  solar  eclipse,  December  22,  1870. — Prof.  C.  H.  F.  Peters. 

1871 

16 

189-191 

New  form  of  mercurial  horizon. — J.  Homer  Lane. 
Directions  for  setting  up  and  using. 

1872 

8 

75-172 

155 

Reports  of  the  astronomical  and  meteorological  observationsmade  at  Sher- 
man, Wyo.  T. — R.  D.  Cutts,  Assistant,  and  Prof.  Charles  A.  Young. 

Part  I,  Report  of  R.  D.  Cutts  [Sketch  No.  18  A]. 

Latitude  and  longitude  of  Sherman;  terrestrial  magnetism;  meteor- 
ology; Table  I,  difference  of  reading  of  observers;  Table  II,  daily 
means ; diagram  1 ; Table  III,  hourly  means ; diagram  2 ; Table  IV, 
hourly  means ; aneroid  barometer ; solar  radiation  ; Table  V,  amount 
of  soiar  radiation ; Table  VI,  solar  radiation ; altitude  of  the  sun ; 
atmospheric  electricity;  diagram;  Table  VIII,  altitude  of  the  astro- 
nomical station;  spirit  level ; barometer;  Tables  IX,  X,  XI ; boiling- 
point  apparatus;  Table  XII,  temperature  of  boiling  water  at  Sher- 
man; Table  XIII,  height  of  Long’s  Peak,  etc. ; Sherman,  its  atmos- 
phere and  climate ; meteorological  journal. 

Part  II,  Report  of  Prof.  C.  A.  Young. 

Spectrum  of  the  chromosphere ; catalogue  of  bri ght  lines  in  the  spectrum 
of  the  chromosphere,  1872  ; table  showing  the  number  of  coincidences 
between  the  bright  lines  observed  in  the  spectrum  of  the  chromo- 
sphere and  those  in  the  spectrum  of  the  chemical  elements ; spectra  of 
sun  spots;  catalogue  of  lines  affected  in  the  spot-spec tru nr  between 
B ana  b;  solar  eruptions  and  other  disturbances. 

1872 

9 

173-176 

Astronomical  observations  on  the  Sierra  Nevada. — George  Davidson,  As- 
sistant. 

Description  of  the  country  adjacent  to  the  station  at  Summit ; the  climate 
and  opportunities  for  observing;  the  observations;  Polaris,  Saturn, 
Moon,  etc. 

1873 

14 

138-174 

A list  of  stars  for  observations  of  latitude. 

1873 

15 

175-180 

Errata  in  the  Heis  Catalogue  of  Stars. 

1874 

10 

131-133 

Transit  of  Venus,  1769. — C.  A.  Schott,  Assistant. 

Results  of  observations  for  determining  positions  occupied  in  Lower  Cali- 
lornia  and  at  Philadelphia. — [Sketch  No.  22.] 

1875 

13 

222-239 

Transit  of  Venus,  Japan,  1874. — George  Davidson,  Assistant. 

Station  near  Nagasaki,  Japan  ; observers;  telegraphic  longitude  work; 
details  of  observations  of  the  Transit;  photographic  work;  observa- 
tions at  great  elevations. 

1875 

14 

j 231-248 

i 

Transit  of  Venus,  Chatham  Island,  1874.— Edwin  Smith,  Assistant. 

Station;  foundation;  instruments;  [Sketch  No. 25];  observations;  pho- 
tography; day  of  transit;  work  after  the  transit;  computations  and 
results;  latitude  observations;  mean  places  of  stars  observed  for  lati- 
tude; results  for  latitude;  magnetic  observations,-  declination;  dip; 
horizontal  intensity;  results. 

1876 

7 

83-129 

A catalogue  of  stars  for  observations  of  latitude. 

1878 

6 

81-87 

Transit  of  Mercury,  Summit  Station,  Central  Pacific  Railroad  [Sketch  No. 
27]. — B.  A . Colonna,  Assistant. 

First  external  and  internal  contacts;  second  internal  and  external  con- 
tacts ; extracts  from  record  book  of  observations,  by  B.  A.  Colonna ; 
diagram  ; observation  of  contacts,  by  J.  F.  Pratt,  Assistant. 

1878 

7 

88-91 

Transit  of  Mercury,  Washington,  D.  C. — C.  A.  Schott,  Assistant. 
Observations  by  R.  D.  Cutts,  William  Eimbeck,  and  O.  H.  Tittmann,  As- 
sistants. 

1882 

20 

463-468 

The  total  solar  eclipse  of  January  11,  1880,  as  observed  at  Mount  Santa 
Lucia,  California. — By  George  Davidson,  Assistant. 

Selection  of  Mount  Santa  Lucia;  height  and  topography  of  surrounding 
country  ; instrumental  outfit;  facilities  afforded  Prof.  Frisby,  of  the 
U.  S.  Naval  Observatory,  and  facilities  afforded  by  the  Southern  Pa- 
cific Railroad  and  Mr,  Newhall;  examination  of  approaches  to  moun- 
tain: determination  of  latitude  and  time;  plan  of  observing  eclipse ; 
instruments  and  observers;  condition  of  atmosphere  on  day  of 
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eclipse;  steadiness  of  limb  of  Sun;  observation  of  first  contact;  dis- 
appearance of  the  umbrae ; sharpness  of  Sun’s  cusps ; apparently 
doubled  by  atmospheric  disturbance  ; duplication  of  cusp,  shown  by 
Fig.  1 ; difference  in  the  darkness  of  sky  adjacent  to  Sun’s  disk ; 
sharpness  of  cusps  50  minutes  after  commencement;  one  hour  after 
commencement  limb  of  Moon  steady  enough  to  see  lunar  mountains 
near  apparent  right  cusp,  Fig.  2;  irregularities  of  lunar  outline; 
atmosphere  slightly  disturbed  by  cirrus  clouds  toward  totality  ; long 
and  narrow  crescent  of  sunlight  as  totality  rapidly  approaches, 
illustrated  by  Fig.  3;  no  distortion  from  atmospheric  disturbances ; 
only  slight  shivering ; cusps  very  sharp ; last  line  of  sunlight  first 
broken  by  the  lunar  mountains;  absence  of  “Bailey’s  beads;”  col- 
ored glass  used  in  observing  contact;  on  account  of  small  diameter  of 
cone,  the  brightness  of  corona,  and  the  effect  of  cirrus  clouds,  sky  too 
bright  to  see  any  stars  or  small  planets;  study  of  rose-colored  flames 
and  first  circle  of  bright  light;  Fig.  4,  corona  sketched;  shape  of  biil- 
liant  rose-colored  flames ; brightness  of  first  concentric  ring  of  white 
light;  second  and  fainter  concentric  ring  ; sketch  of  corona  immedi- 
ately after  totality ; agreement  of  outline  and  general  features,  as 
noted  by  different  observers;  rapid  change  in  appearance  of  corona, 
as  noted  by  some  of  the  observers ; third  contact  observed;  shadow 
of  total  phase  seen  on  ocean  before  totality ; shade  of  retreating  cone 
seen  on  sky  after  totality,  but  no  shadow  seen  on  the  dark  moun- 
tains; clouds  interfere  and  fourth  contact  unsatisfactorily  observed  ; 
table  giving  times  of  contacts,  as  noted  by  different  observers  ; tem- 
perature and  barometric  readings;  Jupiter  and  Mars  seen  before 
totality ; no  stars  seen ; limits  of  the  southern  line  of  totality ; * 
eclipse  observed  by  Dr.  Eisen,  at  Borden,  on  Southern  Pacific  Rail- 
road ; extract  from  his  report,  with  sketch,  Fig.  5;  Mr.  Moore,  at 
San  Rafael,  sees  irridescent  colon  at  part  of  Sun  first  touched  by 
Moon;  eclipse  of  I860,  in  Alaska,  contrasted  with  eclipse  of  1880,  in 
California;  confirmation  of  theory  that  “Bailey’s  beads,”  .“liga- 
ment,” and  “black  drop”  are  due  to  atmospheric  disturbances; 
zodiacal  light  observed  at  Mount  Santa  Lucia;  geographical  position 
of  station. — [Illustrations  51,  52.] 


21  469-502 


A new  reduction  of  La  Caille’s  observations,  made  at  the  Cape  of  Good  Hope 
between  1749  and  1757,  and  given  in  his  “Astronomiae  Fundamenta,” 
together  with  a comparison  of  the  results  with  the  “Bradley-Bessel” 
“ Fundamenta ; ” also,  a catalogue  of  the  places  of  150  stars  south  of 
declination  — 30°,  for  the  epochs  1750  and  1830.— By  C.  R.  Powalky, 
Ph.  D. 


Prefatory  note  by  J.  E.  Hilgard  ; preface  ; introduction  ; examples  of  ob- 
servations with  a sextant  at  Paris  ; Table  I,  right  ascensions  ; Table 
II,  declinations ; Table  III,  declinations  continued;  Table  IIIu,  dec- 
linations, with  sector,  at  Paris,  continued;  Table  IY,  declinations, 
with  sextant  at  the  Cape  compared  with  La  Caille  in  his  “Astro- 
nomic Fundamenta;”  Table  IVa,  sextant  at  the  Cape ; Table  I V5, 
sector  at  the  Cape  ; Table  Y,  mean  declination  for  1750  (corrected)  ; 
results  compared  ; Table  VI,  catalogue  of  150  fixed  stars,  south  of  30° 
declination,  from  La  Caille’s  observations  at  the  Cape  of  Good  Hope, 
in  his  “Astronomiae  Fundamenta”  for  1750.0  and  for  1830.0,  without 
regard  to  proper  motions ; report  on  the  preceding  reduction  of  La 
Caille’s  observations  by  Prof.  C.  H.  F.  Peters. 


. 1883 


1883 


15 


369-370 


The  transit  of  Mercury  of  November  7, 1881,  as  observed  at  Yolo  Base,  Cali- 
fornia.—By  George  Davidson  and  J.  J.  Gilbert,  Assistants. 

Point  of  observation  ; instruments  used  ; geographical  position  of  station ; 
first  contact  lost ; observed  time  of  second  contact ; estimated  time 
when  the  planet  was  one  diameter  on  sun’s  disk ; appearance  of 
planet  when  on  face  of  the  sun  ; observations  of  error  of  chronometer 
with  sextant ; observation  of  transit  at  Middle  Base  Camp  ; instru- 
ments and  observer;  geographical  position  of  station  ; observed  time 
when  planet  one  fifth  diameter  on  sun  ; observed  time  of  second  con- 
tact ; error  of  watch  from  sextant  observations  ; remarks  ; condition 
of  atmosphere  at  time  of  transit;  topography  of  surrounding  country ; 
sun’s  disk,  at  time  of  ingress,  not  sharp  at  first  station  ; ‘ ‘ black  liga- 
ment,” “ black  drop,”  etc.,  seen  ; not  seen  at  second  station;  close- 
ness of  two  observed  times  ; atmospheric  disturbances  ; similar  dis- 
turbances of  signals  in  the  daytime  observations  of  geodetic  work  ; 
intense  blackness  of  planet’s  disk;  problematical  planet  Vulcan 
should  have  been  seen  if  it  existed;  time  and  geographical  positions 
determined  by  Mr.  Hill. 


16 


371-378  Observations  of  the  transit  of  Venus  of  December  6, 1882,  at  Washington,  D. 

C.,at  Tepiisquet  Station,  California,  and  at  Lehman’s  Ranch,  Neva- 
da.— Localion  of  station  at  Washington  ; instruments  and  observers  ; 
first  external  contact ; first  internal  contact ; second  internal  con- 
tact ; the  last  contact;  error  of  chronometer,  from  Naval  Observatory 
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time-ball. — Charles  A.  Schott,  Assistant;  J.  G.  Porter,  Computer, 
Coast  and  Geodetic  Survey. 

Observations  by  B.  A.  Colonna,  Assistant;  prefatory  remarks;  instru- 
ments for  time  and  for  observation  ; comparison  of  timepieces;  first 
external  contact;  note;  second  interior  contact;  note;  second  ex- 
terior contact ; note. 

Mr.  P.  A.  Welker’s  observations  of  third  and  fourth  contacts  at  station 
Tepusquet,  Cal.;  station;  observer;  instruments;  outlines  very 
sharp  and  distinct;  observed  times  of  third  and  fourth  contacts: 
hourly  rate  of  chronometer. — Reported  by  James  S. .Lawson,  As- 
sistant. 

Assistant  Eimbeck’s  observations  of  third  and  fourth  contacts  at  Leh- 
man’s Ranch,  Nevada. — Geographical  position  of  station  ; instrument 
used  ; atmospheric  conditions;  observed  time  of  third  and  fourth  con- 
tacts ; chronometer  used  and  its  errors;  method  of  observing;  no 
“black  drop”  seen;  contacts  well  observed  ; defective  arrangement 
for  screening  down  sun’s  excessive  light;  comparison  of  chronome- 
ters; Mr.  Marr’s  results  compared  with  Mr.  Eimbeck’s  : no  delay  iu 
tlie  regular  work  of  the  Survey. — William  Eimbeck,  Assistant. 

Mr.  Marr’s  observations  of  third  and  fourth  contacts.— Instrument  used  ; 
atmosphere  ; observed  time  of  third  contact ; observed  time  of  appa- 
rent middle  of  planet;  observed  time  of  fourth  contact;  appearance 
of  sun  and  planet. — R.  A.  Marr,  Aid. 


1883 

1886 


18 


383-471 


Field  catalogue  of  1278  time  and  circumpolar  stars— mean  places  for  1885.0.— 
By  George  Davidson,  Assistant. 


0 


153 


The  solar  (annular)  eclipse  of  March  5, 1886. — Reported  by  George  David- 
son, Assistant. 

Prefatory  letter ; observations  made  at  the  Coast  and  Geodetic  Survey  sta- 
tion, Lafayette  Park,  San  Francisco,  Cal.,  and  at  the  Davidson  Observ- 
atory; observations  of  first  and  second  contacts  ; instruments  and 
observers. 


1888 

1889 


13 


465-470 


Differential  method  of  computing  the  apparent  places  of  stars  for  determina- 
tions of  latitude.— By  E.  L).  Preston,  Assistant. 


151-155 


Bulletin  No.  14. — Approximate  times  of  culminations  and  elongations  and 
of  the  azimuths  at  elongation  of  Polaris  for  the  years  between  1889 
and  1910. 


MATHEMATICS. 


1854 

33 

63-95 

Computation  of  triangulation. — Comparison  of  the  reduction  of  horizontal 
angles  by  the  methods  of  “dependent  directions”  and  of  “ depend- 
ent angular  quantities”  by  the  method  of  least  squares. — A.  D. 
Bache. 

[Sketch  58.] -[Errata,  65,  70, 72,  75,  78,  79,  91,  94:  1855,  p.  xix.] 

Adjustment  of  horizontal  angles  of  a triangulation.  Probable  error  of 
observation,  derived  from  observations  of  horizontal  angles  at  any 
single  station  and  depending  on  directions.— C.  A.  Schott. 

1854 

41 

131-138 

Report  containing  directions  and  tables  for  the  use  of  Peirce's  criterion  for 
the  rejection  of  doubtful  observations. — B.  A.  Gould. 

[Errata,  p.  138.] 

1855 

40 

255-264 

Normal  equations.— C.  A.  Schott. 

Solution  of  normal  equations  by  indirect  elimination. 

1856 

59 

307-308 

Probable  error.— Article  from  “AstronomischeNachrichten,  No.  1034,”  trans- 
lated by  C.  A.  Schott. 

Determination  of  the  probable  error  of  an  observation  by  the  differences 
of  the  observations  from  their  arithmetical  mean. 

1860 

36 

361-391 

Formula:  for  computing  latitudes,  longitudes,  and  azimuths,  with  an  exam- 
ple as  used  in  t. tie -Coast  Survey  Office,  and  tables  for  each  minute  of 
latitude  from  23°  to  50°. 

1860 

37 

392-396 

Cauchy’s  interpolation  formulae  ; with  remarks  by  C.  A.  Schott. 

1864 

13 

116-119 

Problem  in'  geodesy. — Determining  a position  by  angles  observed  from  it  on 
any  number  of  stations.  Solution  of  Gauss,  with  example,  commu- 
nicated by  C.  A.  Schott. 

1864 

21 

220-222 

Trajectory  of  ricochet  shots  from  a 15-inch  Rodman  gun ; notes  on. — C.  A. 
Schott. 
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1864 

22 

223 

Ranges  of  shot  from  15  and  20  inch  guns,  determination  of,  by  C.  A.  Schott. 

1869 

14 

235 

Solution  of  the  three-point  problem,  by  determining  the  point  of  intersection 
of  a side  of  the  given  triangle  with  a line  from  the  opposite  point  to 
the  unknown  point.— A.  Lindenkohl. 

1870 

21 

200-224 

On  the  theory  of  errors  of  observations. — C.  S.  Peirce. 

1875 

19 

315-368 

Formulae  and  factors  for  the  computation  of  geodetic  latitudes,  longitudes, 
and  azimuths. 

(Errata,  pp.  316,  317,  318,  367.)  Fig.  1.  L,  M,  Z,  forms  for  primary  and  secon- 
dary triangulation,  and  inverse  solution  ; tables  of  factors  log  A,  log 
B,  log  C,  log  D,  log  E ; table  of  correction  to  longitude  for  difference 

in  arc  and  sine;  values  of  log  — 8 ^ ^ table  for  referring  values  of 

coefficients  A,  B,  C,  D,  E,  from  Bessel’s  to  Clarke’s  ellipsoid  ; table  of 
log  F ; auxiliary  tables  for  converting  arcs  of  the  Bessel  ellipsoidinto 
arcs  of  the  Clarke  ellipsoid;  formulae  and  table  for  computing  the 
spherical  excess  of  a triangle  ; table  of  log  m. 

1876 

6 

81 

A new  system  of  Binary  Arithmetic. — Benjamin  Peirce. 

1876 

14 

197-201 

Note  on  the  theory  of  the  economy  of  research. — C.  S.  Peirce. 

1881 

26 

General  properties  of  the  equations  of  steady  motion. — By  Thomas  Craig. 

1882 

i-xiv 

1-247 

A Treatise  on  Projections.  Part  I — Mathematical  Theory  of  Projections. 
Part  II — Construction  of  Projections. — By  Thomas  Craig. 

[Treasury  Department,  Document  No.  61,  Coast  and  Geodetic  Snrv6y.J 

1884 

7 

323-375 

m 

Formulae  and  factors  for  the  computation  of  geodetic  latitudes,  longitudes, 
and  azimuths  (third  edition). 

Prefatory  remarks ; direct  and  indirect  methods:  Bessel’s  and  Puissant’s 
solutions ; formulae  for  cJL,  dM,  and  dZ,  discussed  and  established ; 
example  of  L,  M,  Z for  primary  triangulation;  example  of  L,  M,  Z 
for  subordinate  triangulation;  the  inverse  problem;  L,  M,  Z,  form 
for  inverse  solution  ; log  factors  A,  B,  C,  D,  and  E,  between  latitudes 
23°  and  65°,  based  on  the  Clarke  spheroid  of  1866 ; table  of  correc- 
tions to  longitude  for  differences  in  arc  and  sine ; table  of  values  of 

^°^cos  jdL’  1°S  F;  formula  and  table  for  computing  the 

spherical  excess  of  triangles,  based  on  the  Clarke  spheroid  of  1866. 

1885 

15 

503-508 

Note  on  a device  for  abbreviating  time  reductions. — By  Charles  S.  Peirce, 
Assistant. 

1888 

13 

465-470 

Differential  method  of  computing  the  apparent  places  of  stars  for  determina- 
tions of  latitude. — By  E.  D.  Preston,  Assistant. 

1890 

13 

685-687 

On  an  approximate  method  of  deducing  probable  error. — By  C.  H.  Kummell, 
Computing  Division. 

On  the  determination  by  least  squares  of  the  relation  between  two  varia- 
bles, etc. — By  Prof.  Mansfield  Merriman,  late  Acting  Assistant. 

DRAWING,  ENGRAVING,  AND  ELECTROTYPING. 


1851 

55 

541-553 

Electrotyping  operations  of  the  Coast  Survey. — G.  Mathiot. 

Adhesion  of  deposit  to  matrix  ; actions  in  the  electrolytic  solution ; -labora- 
tory apparatus;  manipulation. — [Sketch  58.] 

1852 

21 

108-111 

On  lithographic-transfer  printing. — Maj.  1. 1.  Stevens,  U.  S.  Engineers. 

1853 

36 

90-93 

Notes  on  lithography  and  lithographic  transfer. — Lieut.  E.  B.  Hunt,  TJ.  S. 
Engineers. 

1854 

31 

54-57 

On  electrotype  operations  and  chemiglyphic  experiments. — G.  Mathiot. 

1854 

56 

193-201 

Mathiot’s  self-sustaining  battery. — G.  Mathiot. 

Its  principles  and  workings.— [Errata,  pp.  194, 198 ; 1855,  p.  xix.] 

1854 

57 

201-212 

Art  and  practice  of  engraving. — Lieut.  E.  B.  Hunt,  TJ.  S.  Engineers. 

Coast  Survey  engraving;  its  office,  organization,  and  history. — [Errata,  p. 
204 ; see  Index  of  errata.] 

1855 

61 

366-368 

Galvanic  experiment.— G. Mathiot. 

Time  required  to  produce  the  maximum  intensity  of  a voltaic  current. 
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DRAWING,  ENGRAVING,  AND  ELECTROTYPING— Continued. 


Year. 

Appen- 

dix. 

Pages. 

Subject  and  author. 

1855 

62 

369 

Electrotype  art. — G.  Mathiot. 

Improved  method  for  joining  detached  plates  by  electrotyping. 

1855 

63 

370-373 

Mathiot’s  branch-circuit  galvanometer. — G.  Mathiot. 

On  a method  of  measuring  galvanic  currents  of  great  quantity. 

1856 

62 

316-317 

Electrotypes.— G.  Mathiot. 

On  the  result  of  experiments  made  in  printing  from  thin  plates. 

1860 

20 

216-229 

Topographical  and  hydrographical  delineations. — EL  L.  Whiting,  Assistant. 
On  the  contouring  and  reduction  of  maps ; on  the  scale  of  shades,  and  on 
the  application  of  photography  in  preparing  details  for  the  engraver; 
(1)  generalization  of  contour  and  other  natural  features  for  reduction 
to  1-80,000  contour ; salt  marsh  ; sand  beacffes  and  sand  hills  ; woods  ; 
fresh  marsh;  shoreline;  low  water;  (2)  hydrographic  reductions; 
(3)  reductions  by  photography;  (4)  scale  of  shades;  report  of  E. 
Hergesheiiner,  Assistant. 

1860 

40 

398-399 

Dividers  for  tidal  curves. 

Description  of  form  invented  by  J.  R.  Gilliss  for  graphical  decomposi- 
tion.— [Sketch  40.J 

1861 

15 

180  -181 

Drawing  paper. 

Results  of  experiments  made  on  the  relative  expansion  and  contraction, 
under  atmospheric  changes,  of  parchment  paper  and  backed  anti- 
quarian paper.— [Sketch  31.] 

1862 

27 

255 

Drawing  paper  tested  with  reference  to  expansion  and  contraction  under 
atmospheric  changes. 

1863 

24 

206-207 

Harrison  globe  lens  — J.  E.  Hilgard,  Assistant,  in  charge  of  the  Office. 
On  tests  made  at  the  Coast  Survey  Office. 

1866 

20 

130-138 

Electrotyping  operations.— G.  Mathiot. 

Historical ; adhesion  of  deposit  to  matrix  ; time*and  expense  of  electro- 
casting ; actions  in  the  electrolytic  solution ; laboratory  apparatus ; 
manipulation. 

1867 

5 

55-56 

The  pantograph ; its  use  in  engraving. — E.  Hergesheimer,  Assistant.— 
[Sketch  27.] 

1875 

6 

87 

Report  upon  electrotyping  and  photographing. — Dr.  A.  Zumbrock. 

1879 

11 

191 

Preparation  of  standard  topographical  drawings. — E.  Hergesheimer,  Assist- 
ant.—[Plates  42  to  49.  J 

1881 

7 

124-125 

Type  forms  of  topography,  Columbia  River. — By  E.  Hergesheimer,  Assist- 
ant.— [Illustration  33. j ( See  Topography.) 

1883 

14 

367-368 

Report  on  the  preparation  of  standard  topographical  drawings. — By  E.  Her- 
gesheimer, Assistant.— [Illustrations  35-50.]  (See  Topography.) 

MISCELLANEOUS. 


1817 

An  account  of  pyromctric  experiments  made  at  Newark,  N.  J. — F.  R.  Hass- 
ler,  Superintendent. 

[Transactions  American  Philosophical  Society.  New  Series.  Vol.  I,  pp. 
210-227.] 

1851 

1866 

10 

19 

145-160  f 
120-130  *) 

l 

Florida  reefs,  keys,  and  coast. — Prof.  Louis  Agassiz. 

Topography  of  Florida;  mode  of  formation  of  the  reef;  animal  life;  the 
keys ; coral  reefs ; ship  channel;  the  mainland;  coast  survey;  phys- 
ical changes  in  the  Gulf  Stream : changes  in  ages  to  come. 

1853 

18 

50,51 

Climate,  soil,  and  general  character  of  Florida  Keys. — Lieut.  James  Totten, 
U.  S.  Army. 

1853 

35 

89 

Boiler  incrustation.— J.  Hewston,  jr. 

Analysis  of  two  specimens  of  deposit  from  the  boiler  of  the  Coast  Survey 
steamer  Hetzel. 

1854 

55 

192 

On  the  action  of  sea-water  on  metals.— J.  E.  Hilgard,  Assistant 
On  the  action  of  sea  water  on  metals  used  in  the  construction  of  instru- 
ments, and  on  magnetic  needles:  Phoenix  disaster.— [Errata,  p.  192, 
5 from  bottom,  word  9,  read  presence.] 
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MISCELLANEOUS— Continued. 


Year. 

Appen- 

dix. 

Pages. 

Subject  and  author. 

1855 

26 

176-185 

Descriptive  report  of  localities  on  the  ’western  coast,  from  the  north  end  of 
Rosario  Strait,  Washington  Territory,  to  the  southern  boundary  of 
California. — G.  Davidson,  Assistant. 

1856 

63 

317-318 

Analysis  of  sea  water.  — Chemical  analysis  of  the  water  of  New  York  Har- 
bor.— Prof.  Wolcott  Gibbs. 

1856 

' 64 

318-319 

Analysis  of  sands  from  base-sites  near  east  and  south  coasts  of  Florida. — 
Prof.  Wolcott  Gibbs. 

Examination  of  specimens  of  sand  taken  from  the  base-sites  at  Cape 
Florida  and  Cape  Sable. 

1856 

70 

335-340 

Coast  Survey  steamer  Hetzel.— Report  on  cause  of  boilei*  explosion. — 
[Sketch  67.] 

1858 

40 

251-270 

Foreign  geodetic  surveys. — Prof.  W.  P.  Trowbridge,  Assistant. 

Review  showing  their  cost  and  progress,  and  other  data,  for  comparison 
with  the  results  of  the  United  States  Coast  Survey  ; trigonometrical 
surveys  of  England,  Ireland,  and  Scotland;  hydrography  of  Eng- 
land; analysis  of  the  report  of  the  select  committee  appointed  to  con- 
sider the  ordnance  survey  of  Scotland,  etc.,  1856;  France;  India; 
Russia;  Prussia;  table  of  statistics  of  topographical  maps  in  Europe; 
recapitulation;  marine  disasters — United  States  vessels,  1855, 1856, 
and  1857;  imports,  exports,  tonnage,  etc. ; Great  Britain,  1852  to  1855; 
Gulf  of  Mexico  shipping ; Florida  reef. 

1858 

41 

270-273 

Progress  of  the  United  States  Coast  Survey7. — Prof.  W.  P.  Trowbridge,  As- 
sistant. 

Ratio  of  results  for  consecutive  periods  of  twelve  years. 

1860 

42 

402-408 

Geology  of  the  coast  of  Labrador.— Notes  by  O.  M.  Lieber. 

1862 

25 

241-248 

Florida  reef:  its  origin,  growth,  substructure,  and  chronology. — Capt.  E.  B. 
Hunt,  U.  S.  Engineers. 

1867 

17 

183-186 

Geological  and  zoological  researches;  their  relation  and  general  interests 
in  the  development  of  coast  features.— Prof.  Louis  Agassiz. 

1870 

19 

182-189 

On  the  phosphate  beds  of  South  Carolina.— Prof.  N.  S.  Shaler. 

1872 

1873 

11 

213-221 

Voyage  of  the  steamer  Hassler  from  Boston  to  San  Francisco. — L.  F.  Pour- 
tales,  Assistant. 

On  the  air  contained  in  sea  water. — Oscar  Jacobsen. 

1874 

13 

148-151 

Economy  in  coal,  as  exemplified  by  the  action  of  compound  engines  in  the 
steamer  Hassler.— Charles  E.  Emery. 

General  description  of  the  Hassler. 

1876 

13 

192-196 

On  marine  governors. — Charles  E.  Emery. 

1879 

12 

192-198 

Reconstruction  of  the  dividing  engine  of  the  Coast  and  Geodetic  Survey. — 
G.  N.  Saegmuller. 

Table  of  corrected  screw  readings  for  every  degree:  Table  I,  residual 
errors  of  graduation  of  theodolites  Nos.  5,  118,  133  ; Table  11. 

1879 

14 

201 

Internal  constitution  of  the  earth. — Benjamin  Peirce. 

1880 

1880 

12 

145-171 

Blue  clay  of  the  Mississippi  River. — George  Little. 

List  of  authorities:  geological  history  of  the  Mississippi  River;  southern 
drift;  bluff  or  loess;  loess  or  loam;  the  Mississippi  bottoms;  Port 
Hudson;  water;  soils  I to  V,  analysis;  summary;  sections  1 to  44; 
formations,  sections,  and  localities  tabulated. — [Sketch  No.  48.] 

On  steady  motion  in  an  incompressible  viscous  fluid. — Thomas  Craig. 

1884 

8 

377-385 

The  run  of  the  micrometer. — By  George  Davidson,  Assistant. 

1885 

11 

483-485 

A plea  for  a light  on  St.  Georges  Bank.— By  Henry  Mitchell,  Assistant. 

Exact  position  unknown  in  early  times;  position  now  accurately  known, 
but  unmarked ; its  position  with  reference  to  important  surrounding 
points;  benefit  to  be  derived  by  European  commerce  and  that  of 
New  York,  New  England,  and  New  Brunswick  from  light-house; 
size  of  the  fishing  fleet  on  and  crossing  the  Bank ; importance  of 
light  and  horn  as  a guide  to  this  fleet ; great  loss  of  life  and  vessels 
under  present  conditions ; shoal  directly  on  shortest  route  from  New 
York  to  British  Channel,  and  near  routes  of  ocean  commerce  of 
Massachusetts  Bay  and  Bay  of  Fundy ; fishing  fleet  delayed  for  want 
of  signal;  losAof  largest  privateer  of  1812  (the  Dart)  on  St.  Georges; 
suggestion  that  memorial  be  erected  in  shape  of  lighthouse. 

440 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


III. 

BIBLIOGRAPHY  ( a );  STATISTICS  (b)-r  OFFICIAL  REPORTS  OF  EXPENDI- 
TURES AND  OF  PERSONS  EMPLOYED  (c);  TABULAR  STATEMENTS  OF 
INFORMATION  FURNISHED  (d);  ANNUAL  REPORTS  OF  OFFICE  OPERA- 
TIONS(e),  AND  NECROLOGY  (/). 

Ilia.  BIBLIOGRAPHY. 

U.  S.  COAST  AND  GEODETIC  SURVEY. 

Under  this  heading  (Ilia)  the  titles  of  papers  and  documents  dating 
from  the  inception  of  the  Coast  Survey  until  the  year  1858  are  taken 
for  the  most  part  from  a collection  of  Coast  Survey  pamphlets  bound 
together  in  one  volume,  and  now  in  the  possession  of  one  of  the  com- 
pilers of  this  Appendix. 


Year  of 
publica- 
tion. 

Title. 

Number  of 
pages 
and  size. 

How  printed  or  pub- 
lished. 

1807 

Circular  of  the  Secretary  of  the  Treasury  (Albert 
Gallatin)  in  relation  to  a plan  for  executing  the 
survey  of  the  coast,  addressed  to  Mr.  Hassler,  at 
Philadelphia,  from  the  Treasury  Department, 
March  25, 1807. 

1,  octavo. 

Collection  of  pam- 
phlets. 

1843 

Laws  of  1807, 1832,  and  1843  relating  to  the  Survey 
of  the  Coast  of  the  United  States,  wilh  the  plan 
of  re-organization  of  1843,  and  regulations  hy  the 
Treasury  Department. 

19,  octavo. 

Gideon  <fc  Co.,  printers, 
Washington,  D.  C. 

1844 

Coast  Survey.— Communication  from  the  Secre- 
tary of  the  Treasury  to  the  Committee  of  Ways 
and  Means  relative  to  the  Coast  Survey 
March  9, 1844.— Read  and  laid  upon  the  table. 

4,  octavo. 

Twenty-eighth  Con- 
gress, first  session. 
Doc.  No.  168 — Treas- 
ury Department. 

1845 

The  Coast  Survey  of  the  United  States. — From 
the  American  Journal  of  Science.  Vol.  XLIX. 

24,  octavo. 

New  Haven,  Conn. 
Printed  hy  B.  L. 
Hamlen. 

1845 

The  Coast  Survey.— An  article  from  the  Prince- 
ton Review  for  April,  1845.  By  Joseph  Henry, 
LL.  D.,  Professor  of  Natural  Philosophy  in  the 
College  of  New  Jersey. 

24,  octavo. 

Princeton.  Printed  by 
John  P.  Robinson, 
1845. 

1845 

Report  on  re-organization  of  Coast  Survey.— By 
the  Secretary  of  the -Treasury.  Transmitting 
journal  of  Board  appointed  by  the  President  to 
prepare  plans  for  executing  the  work  of  the  Sur- 
vey. February  28, 1845. 

32  pages. 

Twenty-eighth  Con- 
gress, second  session. 
House  Doc.  No.  164— 
Vol.  IV. 

1847 

The  U.  S.  Coast  Survey. — An  article  hy  C.  F.  Hoff- 
man, editor  of  the  Literary  World. 

4,  quarto. 

Literary  World,  New 
Yorki  Sept.  11, 1847. 

1847 

Roview  of  the  annual  report  on  the  U.  S.  Coast 
Survey. — From  the  American  Journal  of  Science 
and  Arts.  (Second  series.) 

11,  octavo. 

New  Haven,  Conn. 

1848 

Notes  on  the  organization  of  the  Coast  Survey. 

15,  octavo. 

1848 

Report  on  appropriations  for  Coast  Survey. — By 
the  Secretary  of  the  Treasury.  Response  to 
Senate  resolution.  Statementof  annual  amount 
appropriated  from  commencement  of  Survey. 

2. 

Thirtieth  Congress, 
second  session.  Sen- 
ate Ex.  Doc.  No.  4— 
Vol.  I. 
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Year  of 
publica- 
tion. 


Title. 


Number  of 
pages 
and  size. 


How  printed  or  pub- 
lished. 


1849 


Letter  of  the  Secretary  of  the  Treasury  submit- 
ting a report  in  reply  to  a resolution  of  the  Sen- 
ate of  December  27, 1848,  relating  to  the  expendi- 
tures and  results  of  the  U.  S.  Coast  Survey. 

February  8, 1849. — Referred  to  the  Committee  on 
Finance  and  ordered  to  be  printed. 


Ill,  octavo. 


Thirtieth  Congress, 
second  session.  Sen- 
ate Ex.  Doc.  No.  26. 


1849 


Report  in  relation  to  steamers  of  the  Revenue 
Marine  transferred  to  the  Coast  Survey. 


2,  octavo. 


Thirtieth  Congress, 
second  session.  Re- 
port No.  137,  House 
of  Representatives. 


1849 


Message  from  the  President  of  the  United  States 
communicating  a report  of  the  Secretary  of  the 
Treasury  in  relation  to  the  number  and  cost  of 
vessels  and  number  of  persons  employed  in  the 
Survey  of  the  Coast  of  the  United  States,  and 
the  amount  of  money  received  from  the  sale  of 
maps  and  charts. 


9,  octavo. 


1849 


Report  of  the  Secretary  of  the  Treasury  com- 
municating a report  from  the  Superintendent  of 
the  Coast  Survey  in  relation  to  the  survey  of 
the  coast  of  Florida. 

February  17, 1849. — Laid  upon  the  table  and  or- 
dered printed. 


14,  octavo. 


1849 


Speeoh  of  Mr.  J.  A.  Pearce,  of  Maryland,  on  the 
subject  of  the  Coast  Survey  of  the  United 
States,  delivered  in  the  Senate  of  the  United 
States,  on  Saturday,  February  17, 1849. 


16,  octavo. 


Thirtieth  Congress, 
second  session.  Sen- 
ate Ex.  Doc.  No.  29. 


Thirtieth  Congress, 
second  session.  Sen- 
ate Ex.  Doc.  No.  30. 


Washington,  D.  C. — J. 
&G.S.  Gideon,  print- 
ers, 1849. 


1849 


Speech  of  Mr.  Jefferson  Davis,  of  Mississippi,  on 
the  subject  of  the  Coast  Survey  of  the  United 
States,  delivered  in  the  Senate  of  the  United 
States,  Monday,  February  19, 1849. 

As  an  appendix  to  the  above-named  speech, 
there  were  printed  the  following  reports  and 
memorials : 

Report  of  a committee  of  the  American  Academy 
of  Arts  and  Sciences  of  Boston  and  Cambridge. 

Memorial  of  the  Marine  Society  of  Boat  «n  in  rela- 
tion to  the  Coast  Survey,  and  memorial  of  the 
insurance  companies  of  Boston  in  relation  to 
the  Coast  Survey. 

Report  of  a committee  of  the  Chamber  of  Com- 
merce of  New  York,  with  resolutions  of  the 
same  body  on  the  U.  S.  Coast  Survey,  for  trans- 
mission to  Congress. 

Report  of  a committee  of  the  American  Philo- 
sophical Society  of  Philadelphia  on  the  Coast 
Survey. 

Report  of  a committee  of  the  Franklin  Institute 
of  the  State  of  Pennsylvania  on  the  progress  of 
the  Survey  of  the  Coast  of  the  United  States. 

Resolutions  by  the  Board  of  Trade  of  Philadelphia 
relative  to  the  Coast  Survey  ; resolutions  by  un- 
derwriters, merchants,  and  owners  of  vessels  of 
the  city  of  Baltimore;  memorial  of  the  faculty 
of  St.  John’s  College,  Maryland  ; letter  from  the 
faculty  of  the  University  of  Virginia;  resolu- 
tions of  the  Chamber  of  Commerce  of  Charles- 
ton, S.  C.,  and  resolutions  of  stockholders  of  the 
Mobile  and  Ohio  Railroad— all  in  relation  to  the 
Coast  Survey. 


18,  octavo. 


3,  octavo. 
2,  octavo. 

2,  octavo. 


7,  octavo. 


4,  octavo. 


Note.— The  speeches,  memorials,  and  resolu- 
tions above  named  led  to  the  defeat  of  an  effort 
made  in  the  Senate  in  February,  1849  to  reduce 
the  appropriation  for  the  Survey  from  $186  000  to 
$30,000,  and  to  provide  that  it  should  be  carried 
on  exclusively  by  the  Navy  Department,  under 
the  direction  of  the  President. 


J.  & G.  S.  Gideon 
printers. 
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Year  of 
publica- 
tion. 

Title. 

Number  of 
pages 
and  size. 

! 

How  printed  or  pub- 
lished. 

1849 

Letter  of  the  Secretary  of  the  Treasury  commu- 
nicating a report  by  the  Superintendent  of  the 
Coast  Survey,  dated  December  26.  1848,  on  an 
application  of  the  galvanic  circuit  to  an  astro- 
nomical clock  and  telegraph  register  in  deter- 
mining local  differences  of  longitude,  and  in 
astronomical  observations  generally. 

January  6, 1849. — Laid  on  the  table  and  ordered  to 
to  be  printed. 

13,  octavo. 

Thirtieth  Congress, 
second  session. 
House  Ex  Doc.  No. 
21. 

1849 

Survey  of  the  Coast  of  the  United  States 

18,  octavo. 

From  Hunt’s  Mer- 
chants’ Magazine 
and  Commercial  Re- 
view, February,  1849. 

1849 

Reply  to  an  article  in  the  February  number  of 
Hunt’s  Met  chants’  Magazine  on  the  Coast  Sur- 
vey of  the  United  States.— By  Lieut.  Charles 
Henry  Davis,  U.  S.  Navy. 

15,  octavo. 

New  Y o r k. — G.  W. 
Wood,  printer,  1849. 

1849 

Remarks  by  an  Assistant  in  the  Coast  Survey  on 
an  article  in  the  February  number  of  Hunt’s 
Merchants’  Magazine  on  the  Survey  of  the 
Coast  of  the  United  States. 

14,  octavo. 

J.  & G.  S.  Gideon, 
printers. 

1849 

The  U.  S Coast  Survey.  A reply 

20,  octavo. 

Gideon,  printer. 

1850 

Note  from  Prof.  Bache  to  the  editor  of  the 
Astronomical  Journal,  communicating  an  ab- 
stract of  a report  by  Sears  C.  Walker,  Assistant, 
U.  S.  Coast  Survey,  on  recent  telegraph  opera- 
tions for  longitude,  including  experiments  for 
wave  time.  Washington,  February  1,  1850. 

6,  quarto. 

The  A s t r onomical 
Journal,  Cambridge, 
Mass.  April  20, 1850. 

1851 

Notes  on  th'e  Gulf  Stream. — By  A.  D.  Bache,  Su- 
perintendent U.  S.  Coast  Survey;  communi- 
cated by  authority  of  the  Treasury  Department 
for  Blunt’s  Memoir  of  the  Atlantic  Ocean.  1851. 

16,  octavo. 

New  York,  E.  & G.  W. 
Blunt.  1851. 

1851 

The  Coast  Survey  of  the  United  Slates. — By  Lieut. 
C.  H.  Davis,'  U.  S.  Navy.  Reprinted  from 
the  American  Almanac  and  Repository  of  Useful 
Knowledge  for  1849. 

28.  octavo. 

Washington.  Gideon 
& Co.,  printers.  1851. 

1851 

Report  of  the  Secretary  of  the  Navy,  in  answer  to 
a resolution  of  the  Senate,  relative  to  the  trans- 
fer of  the  Survey  of  the  Coast  from  the  Treasury 
to  the  Navy  Department. 

February  15,  1851. — Referred  to  the  Committee  on 
Finance  and  ordered  to  be  printed. 

14,  octavo. 

Thirty-first  Congress, 
second  session,  Sen- 
ate Ex.  Doc.  No.  35. 

1851 

Report  of  the  Secretary  of  the  Treasury,  in 
answer  to  a resolution  of  the  Senate,  relative  to 
the  transfer  of  the  Survey  of  tbe  Coast  from 
the  Treasury  to  the  Navy  Department, 
February  15,  1851. — Referred  to  the  Committee  on 
Finance  and  ordered  to  be  printed. 

47,  octavo. 

Thirty-first  Congress, 
second  session,  Sen- 
ate Ex.  Doc.  No.  36. 

1851 

General  rules  for  estimates,  accounts,  and  classi- 
fication of  expenditures  for  the  guidance  of  the 
chiefs  of  parties  of  the  U.  S.  Coast  Survey.  1851. 

8,  octavo. 

1 Gideon  & Co.,  printers. 

1852 

Notes  on  the  use  of  the  zenith  telescope  in  de- 
termining latitudes  in  the  Coast  Survey  by 
Talcott’s  method,  and  on  the  reduction  of  the 
obsei  vations. — By  A.D.  Bache.  Superintendent 
U.  S.  Coast  Survey.  Reprinted  from  the  Ameri- 
can Journal  of  Science  and  Arts.  Yol.  XIV, 
second  series, 

16,  octavo. 

New  Haven.  Printed 
by  B.L.Hamlen.  1852. 

1854-1855 

Consolidated  alphabetical  index  of  the  ten  Annual 
Coast  Survey  Reports  from  1844  to  1853,  inclu- 
sive.— Prepared  by  Lieut.  E.  B.  Hunt,  U.  S 
Engineers,  Assistant. 

50,  quarto. 

Appendix  to  the  An- 
nual Report  of  the 
Superintendent  for 
1854. 
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1854-1855 

Consolidated  indox  of  sketches  embraced  in  tbe 
Annual  Coast  Survey  Reports  from  1844  to  1858, 
inclusive.— Prepared  by  Lieut.  E.  B.  Hunt, XL  S. 
Engineers,  Assistant. 

6,  quarto. 

Appendix  to  the  An- 
nual Report  of  the 
Superintendent  for 
1854. 

1855 

An  account  of  the  measurement  of  two  base  lines 
in  Florida.  Section  VI,  U.  S.  Coast  Survey. — 
By  Fairman  Rogers,  Civil  Engineer. 

16,  octavo. 

From  the  Journal  of 
the  Franklin  Insti- 
tute, 1855. 

1855 

The  U.  S.  Coast  Survey.  Its  history,  objects, 
organization,  methods,  and  results. — From  Put- 
nam’s Monthly  of  November,  1855. 

14,  octavo. 

New  York.  Dix&Ed- 
wards.  1855. 

1856 

Report  on  an  index  of  reference  to  memoirs  and 
papers  on  subjects  related  to  the  Coast  Survey 
operations. — Bv  Lieut.  E.  B.  Hunt,U.  S.  Corps 
of  Engineers,  Assistant,  Coast  Survey. 

6,  quarto. 

Appendix  No.  67.  Re- 
port of  Superintend- 
ent for  1856. 

1856 

On  systematizing  the  abbreviations  of  titles  of 
periodicals,  transactions,  etc. — By  Lieut.  E. 
B.  Hunt,  U.  S.  Corps  of  Engineers,  Assistant, 
Coast  Survey. 

2,  quarto. 

Appendix  No.  68.  Re- 
port of  Superintend- 
ent for  1856. 

1858 

Report  of  Lieut.  E.  B.  Hunt,  IJ.  S.  Engineers, 
Assistant  in  the  Coast  Survey,  on  the  prepara- 
tion of  an  index  of  scientific  references. 

11,  quarto. 

Appendix  No.  51.  Re- 
port of  the  Superin- 
tendent for  1857. 

1858 

Laws  relating  to  the  Survey  of  the  Coast  of  the 
United  States,  with  the  plan  of  re-organization 
of  1843,  and  regulations  by  the  Treasury  De- 
partment. 

25,  octavo. 

Public  Printer.  July, 
1858. 

1858 

Report  on  the  history  and  progress  of  the  Ameri- 
can Coast  Survey  up  to  the  year  1858,  by  the 
Committee  of  Twenty  appointed  by  the  Ameri- 
can Association  for  the  Advancement  of  Sci- 
ence at  the  Montreal  meeting,  August,  1857. 

88,  octayo. 

Printed  by  the  Ameri- 
can Association. 

1858 

Report  of  the  Secretary  of  the  Treasury,  showing 
the  amount  expended  and  the  progress  made  in 
the  Coast  Survey,  and  also  in  the  standard 
weights  and  measures  furnished  to  the  several 
States  and  custom-houses,  and  their  cost. 

287,  octavo. 

Thirty-fifth  Congress, 
second  session,  Yol. 
YI,  Senate  Report 
No.  6,  part  2. 

1858 

Special  repoit  on  the  comparative  progress  and 
expenditure  of  the  Coast  Survey  in  different 
years.  Foreign  surveys,  etc. 

18,  octavo. 

Washington.  Polkin- 
liorn,  printer.  1858. 

1858 

A popular  account  of  the  U.  S.  Coast  Survey. 

23,  octavo. 

From  Appleton’s  New 
American  Cyclopae- 
dia.*- 1858 

1859 

Review  by  Prof.  W.  P.  Trowbridge,  Assistant  in 
the  Coast  Survey,  relating  to  the  origin,  cost, 
and  progress  of  foreign  geodetic  surveys,  with 
other  data  for  comparison  with  the  results  of 
the  U.  S.  Coast  Survey. 

20,  quarto. 

Appendix  No.  40,  Re- 
port for  1858. 

1859 

Comparison  of  the  cost  and  progress  of  the  U.  S. 
Coast  Survey  during  the  periods  from  1832  to 
1844,  and  from  1844  to  1856-’57.— By  Prof.  W.  P. 
Trowbridge,  Assistant  in  the  Coast  Survey. 

4,  quarto. 

Appendix  No.  41,  Re- 
port for  1858. 

1859 

List  of  papers  accompanying  a special  report 
made  to  tbe  Treasury  Department  by  Prof.  A. 
D.  Bache,  Superintendent  U.  S.  Coast  Survey,  in 
December,  1857.  (See  report  Thirty-fifth  Con-  j 
gress, -second  session,  Yol.  VI,  Senate  Report 
No.  6.) 

1,  quarto. 

Appendix  No.  42,  Re- 
port for  1858. 

1860 

Report  on  Mississippi  Sound  by  the  Secretary  of 
the  Treasury,  in  answer  to  a resolution  of  the 
House.  Memoir  with  charts  prepared  from  the 
archives  of  tbe  Coast  Survey.  By  W.  P.  Trow- 
bridge, April  6,  1860. 

9,  octavo. 

Thirty-sixth  Con- 
gress, first  session, 
Ex.  Doc.  No.  58, 
Yol.  IX. 
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1860 

Message  on  the  navigation  of  the  Harlem  River. 
Containing  report  of  A.  D.  Bache,  Superintend- 
ent U.  S.  Coast  Survey,  relating  to  that  river 
and  to  Spuyten  Duyvil  Creek,  April  12, 1860. 

6,  octavo. 

Thirty-sixth  Con- 
gress, first  session, 
Ex.  Doc.  No.  64, 
Yol.  IX. 

1860 

The  U.  S.  Coast  Survey.  Review  of  a report  of 
the  Secretary  of  the  Treasury. 

32,  octavo. 

From  the  North  Amer- 
ican Review  for 
April,  1860. 

18G0 

Lecture  on  the  Gulf  Stream.  Prepared  at  the 
request  of  the  American  Association  for  the 
Advancement  of  Science,  by  A.  D.  Bache,  Su- 
perintendent Coast  Survey.  Read  at  the  New- 
port meeting,  1860. 

17,  octavo. 

Published  in  the  Amer- 
ican Journal  of  Sci- 
ence and  Arts,  No- 
vember, 1860. 

1864-1866 

Consolidated  alphabetical  index  of  the  ten  Annual 
Coast  Survey  Reports  from  1854  to  1863,  inclu- 
sive. Prepared  by  Subassistant  F.  F.  Nes. 

227-308, inclu- 
sive, quarto. 

Appendix  to  the  Re- 
port of  the  Superin- 
tendent for  1864. 

1864-1866 

Consolidated  index  of  sketches  embraced  in  the 
Annual  Coast  Survey  Reports  from  1854  to  1863, 
inclusive. 

309-315,  auar- 
to. 

Appendix  to  the  Re- 
port of  the  Superin- 
tendent for  1864. 

18G5 

What  the  Coast  Survey  has  done  for  the  war. — 
By  Richard  Meade  Bache,  Assistant,  U.  S.  Coast 
Survey. 

24,  octavo. 

Reprinted  from  the 
June  and  July  num- 
bers of  the  United 
Service  Magazine. 
New  York,  1865. 

1868 

Report  on  losses  sustained  by  Coast  Survey  offi- 
cers by  the  sinking  of  the  steamer  Arago  in  the 
Neuse  River,  North  Carolina,  July  21, 1868. 

2,  octavo. 

Fortieth  Congress, 
second  session,  Sen- 
ate Report  No.  181. 

1869 

Statutes  relating  to  the  Survey  of  the  Coast  of  the 
United  States,  with  the  plan  of  re-organization  of 
1843  and  regulations  by  the  Treasury  Depart- 
ment. 

27,  octavo. 

Washington.  Govern- 
ment Printing  Office. 
1869. 

1871-1874 

General  index  of  professional  and  scientific  papers 
contained  in  the  U.  S.  Coast  Survey  Reports 
from  1851  to  1870. 

193-209,  quar- 
to. 

Appendix  No.  17,  Re- 
port for  1871. 

1871-1874 

Errata  in  the  Coast  Survey  Reports  from  1851  to 
1870. 

210-219,  quar- 
to. 

Appendix  No.  18,  Re- 
port for  1871. 

1871 

On  tides  and  tidal  action  in  harbors.— By  J.  E. 
Hilgard,  Assistant,  U.  S.  Coast  Survey. 

17,  octavo. 

A lecture  before  the 
American  Institute, 
New  York,  January 
27, 1871.  Reprinted 
with  revisions  in  the 
Smithsonian  Report 
for  1874. 

1873 

The  Coast  Survey.  A lecture  delivered  before 
the  New  Haven  Chamber  of  Commerce,  March 
26, 1873.— By  R.  Meade  Bache,  Assistant,  U.  S. 
Coast  Survey. 

19,  octavo. 

Published  by  request 
of  the  Chamber  of 
Commerce. 

1875 

Account  of  a base-line  measurement,  three  times 
repeated,  in  the  U.  S.  Coast  Survey.— By  J.  E. 
Hilgard,  of  Washington,  D.  C. 

90-98,  octavo. 

From  the  proceedings 
of  the  American  As- 
sociation for  the  Ad- 
vancement of  Sci- 
ence, Detroit  meet- 
ing, 1875. 

1878 

Surveys  of  the  Territories.  Letter  from  the  Act- 
ing President  of  the  National  Academy  of  Sci- 
ences, transmitting  a report  on  the  surveys  of 
the  Territories. 

December  3, 1878.— Referred  to  the  Committee  on 
Appropriations  and  ordered  to  be  printed. 

27,  octavo. 

Forty-fifth  Congress, 
third  session.  House 
Mis.  Doc.  No.  5. 

Published  in  part,  also, 
as  Senate  Mis.  Doc. 
No.  9. 

1878 

Memorial  from  Civil  Engineers  asking  an  appro- 
priation for  continuing  the  triangulation  of  the 
Coast  Survey  in  certain  States. 

1,  octavo. 

Forty -fifth  Congress, 
second  session.  Sen. 
ate  Mis.  Doc.  No. 
58— Yol.  IL 
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1879 

Letter  from  the  Secretary  of  War  transmitting  a 
copy  of  a communication  from  General  Corn- 
stock.  U.  S.  Engineers,  relative  to  the  duplica- 
tion of  the  surveys  of  the  Mississippi  River  by 
the  Coast  Survey.  January  10, 1879. 

3,  octavo. 

Forty-fifth  Congress, 
third  session.  House 
Ex.  Doc.  No.20 — Yol. 

XI. 

1879 

Letter  from  the  Secretary  of  the  Treasury  trans- 
mitting a communication  from  the  Superintend- 
ent of  the  Coast  and  Geodetic  Survey  relative  to 
the  cost  of  certain  classes  of  the  work  of  the  Sur- 
vey. January  20, 1879. 

4,  octavo. 

Forty-fifth  Congress, 
third  session.  House 
Ex.  Doc.  No.29 — Vol. 

XI. 

1879 

Report  by  the  Secretary  of  the  Treasury  relating 
lo  the  organization  of  the  Coast  and  Geodetic 
Survey. 

6,  octavo. 

Forty-fifth  Congress, 
third  session.  House 
Ex.  Doc.  No.62— Yol. 
XVI. 

1879 

The  Coast  Survey.  An  article  by  Mrs.  Martha  J. 
Lamb. 

507-521,  octavo 

Harper’s  New  Monthly 
Magazine  for  March, 
1879. 

1880-1882 

An  attempt  to  solve  the  problem  of  the  first  land- 
ing place  of  Columbus  in  the  New  World. — By 
Capt.  G.  V.  Fox,  Assistant  Secretary  of  the 
Navy.  1861-1866. 

346-411,  quarto. 

Appendix  No.  18,  Coast 
and  Geodetic  Survey 
Report  for  1880. 

1881 

Resolution  instructing  Committee  on  Finance  of 
the  Senate  to  make  certain  inquiries  with  refer- 
ence to  the  organization  of  the  Treasury  De- 
partment, and  to  consider  expediency  of  trans- 
ferring certain  bureaus  of  that  Department,  and 
among  them  the  Coast  and  Geodetic  Survey,  to 
the  Navy  Department.  January  12, 1881. 

1,  octavo. 

Forty-sixth  Congress, 
third  session.  Sen- 
ate Mis.  Doc.  No. 
16-V.ol.  I. 

1881 

Laws  and  regulations  relating  to  the  Coast  and 
Geodetic  Survey  of  the  United  States.  Treasury 
Department,  1881.  Document  110,  Coast  and 
Geodetic  Survey. 

42,  octavo. 

Washington,  Govern- 
ment Printing  Office, 
1881. 

1881 

Laws  of  general  application  for  the  use  of  the  U.  S. 
Coast  and  Geodetic  Survey.  Treasury  Depart- 
ment. Document  167,  Coast  and  Geodetic  Sur- 
vey. 

52,  octavo. 

Washington,  Govern- 
ment Printing  Office, 
1881. 

1881 

Recent  investigations  of  the  Gulf  Stream  by  the 
U.  S.  Coast  and  Geodetic  Survey  steamer 
Blake.— By  Commander  John  R.  Bartlett, 
U.  S.  N. 

29-46,  octavo. 

Bulletin  of  American 
Geographical  Soci- 
ety, New  York, 
1881— No.  1. 

1881 

The  Basin  of  the  Gulf  of  Mexico.  Communica- 
tion to  National  Academy  of  Sciences,  Novem- 
ber 18, 1880.— By  J.  E.  Hilgard,  M.  N.  A.  S. 

288-291, octavo. 

Reprinted  from  the 
American  Journal  of 
Science,  April,  1881— 
Yol.  xxi. 

1881-1883 

General  Index  of  Scientific  Papers,  Methods,  and 
Results  contained  in  the  Appendices  to  the  An- 
nual Reports  of  the  U.  S.  Coast  and  Geodetic  Sur- 
vey from  1845  to  1880,  inclusive. — By  C.  H.  Sin- 
clair, Subassistant. 

91-123,  quarto. 

Appendix  No.  6 — Re- 
port for  1881. 

1882 

The  Gulf  Stream.  New  data  from  the  investiga- 
tions of  the  U.  S.  Coast  and  Geodetic  Survey 
steamer  Blake. — By  Commander  John  R.  Bart- 
lett, U.  S.  N.  Naval  Institute,  Washington 
Branch.  May,  1882. 

221-231, octavo. 

Reprinted  from  No.  20 
of  the  proceedings  of 
the  U.  o.  Naval  In- 
stitute. 

1883 

Letter  of  the  Superintendent  U.  S.  Coast  and  Geo- 
detic Survey  on  the  proposed  transfer  to  the 
Navy  Department.  January  6,  1883. 

8,  octavo. 

(883-1884 

Descriptive  Catalogue  of  Publications  relating  to 
the  Coast  and  Geodetic  Survey  and  to  Standard 
Measures.— Compiled  by  Edward  Goodfellow, 
Assistant. 

121-1J5, quarto. 

Appendix  No.  6— Re- 
port  for  1883. 
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1883 

General  considerations  showing  the  impolicy  of 
the  adoption  by  Congress  of  the  recommenda- 
tion of  the  Secretary  of  the  Navy  to  transfer 
the  Coast  and  Geodetic  Survey  from  the  Treas- 
ury to  the  Navy  Department.— By  R.  Meade 
Bache,  Assistant. 

1,  quai  to.. 

Philadelphia,  1883. 

1884 

The  Late  Attacks  upon  the  Coast  and  Geodetic 
Survey.—  By  R.  Meade  Bache,  Assistant.  Re- 
printed from  the  October  and  November  num- 
bers of  the  United  Service,  1884. 

52,  octavo. 

Philadelphia.  L.  R. 
Hamersly  & Co.,  No. 
1510  Chestnut  street, 
1884. 

1884 

Notes  on  a proposed  transfer  of  the  Coast  Survey 
to  the  Navy. — By  Rear-Admiral  Thornton  A. 
Jenkins,  U.  S.  N.  1884 — June  5. 

6,  octavo. 

Washington,  D.  C. 

1884 

. 

U.  S.  Coast  and  Geodetic  Survey.  Historical 
Sketch. — Prepared  by  H.  W.  Blair,  Assistant. 

1 8,  octavo. 

Washington.D.  C., 
June,  1884. 

1884 

Inquiry  of  the  National  Academy  of  Sciences 
concerning  the  operations  of  the  Coast  and 
Geodetic  Survey.  A statement  by  the  Super- 
intendent, addressed  to  Gen.  M.  C.  Meigs,  chair- 
man of  a committee  of  the  National  Academy  of 
Sciences.  September  19, 1884. 

20,  octavo. 

Polk  in  horn  & Son, 
Printers,  Washing- 
ton, D.  C. 

1884 

Coast  and  Geodetic  Survey ; article  in  the  Sup- 
plement to  the  ninth  edition  of  the  Encyclo- 
paedia Britannica;  Vol.  u of  Supplement. — By 
i 0.  H.  Tittmann,  A ssistant. 

269-272,  quarto. 

American  edition; 
Philadelphia  a n d 
New  York.  Hub- 
bard Bros.,  1884. 

1884 

i Brief  account  of  the  exhibit  made  by  the  Coast 
and  Geodetic  Survey  at  the  Southern  Exposi- 
tion, Louisville,  Kentucky,  1883.— By  H.  W. 
Blair,  Assistant. 

! 489-493. 

i 

Appendix  No.  18.  Re- 
port for  1884. 

1886  | 

i 

Testimony  before  the  Joint  Commission  to  con- 
sider the  present  organizations  of  the  Signal 
Service,  Geological  Survey,  Coast  and  Geodetic 
Survey,  and  the  Hydrographic  Office  of  the 
Navy  Department. 

! 1-36  and  1-1104 
octavo. 

Forty-ninth  Congress, 
first  session.  Senate 
Mis.  Doc.  No.  82. 

1886  j 

Report  of  the  Joint  Commission  on  the  Signal 
Service,  Geological  Survey,  Coast  and  Geodetic 
Survey,  etc. 

125,  octavo. 

Forty-ninth  Congress, 
first  session.  Senate 
Report  No.  1285 — 
Parts  I and  II. 

1886  I 

| 

Letters  of  Gen.  W.  F.  Smith  and  Gen.  H.G.  Wright, 
relative  to  the  topographical  work  of  the  U.  S. 
Coast  and  Geodetic  Survfey.  June  30  and  July 
1,  1886. 

3,  quarto. 

Washington,  1886. 

1887-1889  | 

1 

1 

1 

1 

| 

General  index  to  the  progress,  sketches,  and 
illustrations,  maps  and  charts  published  in  the 
Annual  Reports  of  the  U.  S.  Coast  Survey  and 
U.  S.  Coast  and  Geodetic  Survey,  from  1844  to 
1885,  inclusive.— Prepared  by  Edward  Goodfel- 
low,  Assistant. 

217-268,  quarto. 

Appendix  No  12.  Re- 
port for  1887. 

1888 

U.  S.  Coast  and  Geodetic  Survey  Historical  com- 
pilation. A statement  by  the  Superintendent 
on  the  basis  of  the  Historical  Sketch  of  1884. 

16,  octavo. 

Washington,  1888. 

1887-1889  | 

A Bibliography  of  Geodesy.— By  J.  Howard  Gore, 
B.  S.,  Ph.  D.,  professor  of  mathematics,  Colum- 
bian University,  Acting  Assistant,  U.  S.  Coast 
and  Geodetic  Survey,  etc. 

313-512,  quarto.! 

Appendix  No.  16.  Re- 
port for  1887. 

1888  | 

The  U.  S.  Coast  and  Geodetic  Survey.— By  Henry 
P.  Wells. 

quarto. 

| 

Supplement  to  Har- 
per’s Weekly,  Oct. 
20, 1888. 

1888  ! 

Short  descriptions  of  articles  forming  the  Coast 
and  Geodetic  Survey  exhibit  at  the  Centennial 
Exposition  of  the  Ohio  Valley  and  Central 
States,  Cincinnati,  Ohio,  1888.— Compiled  and 
arranged  by  C.  0.  Boutelle,  Assistant. 

44,  octavo. 

Washington,  D.  C. 
Polkinhorn,  Printer. 
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Year  of 
publica- 
tion. 

Title. 

Number  of 
pages 
and  size. 

How  printed  or  pub- 
lished. 

.'889-1890 

Coast  Survey.— An  article  by  J.  E.  Hilgard,  ex- 
Superintendent,  in  Johnson’s  (revised)  Univer- 
sal Cyclopedia,  Vol.  ii. 

123-126,  quarto. 

New  York.  A.  J.  John- 
son & Co. 

1889-1891 

International  Geodetic  Association,  ninth  confer- 
ence. Paris,  1889.  Report  of  George  Davidson, 
Assistant,  U.  S.  Coast  and  Geodetic  Survey. 
Delegate  appointed  by  the  President  of  the 
United  States. 

493-503,  quar- 
to. 

Appendix  18,  Report 
for  1889. 

1890-1891 

International  Geodetic  Association,  ninth  confer- 
ence. Address  of  George  Davidson,  Assistant, 
U.  S.  Coast  and  Geodetic  Survey.  Delegate 
from  the  United  States. 

721-733. 

Appendix  17,  Report 
f«r  1890. 

1890 

Standing  of  Coast  Survey  officers  during  the 
Civil  War.  Referred  to  the  House  calendar 
May  26, 1890,  and  ordered  to  be  printed.  Report 
submitted  by  Mr.  Spooner,  from  the  Committee 
ou  Military  Affairs. 

2,  octavo. 

Fifty-first  Congress, 
first  session,  House 
Report  No.  2151. 

1890 

An  act  to  define  tbe  standing  of  officers  of  the 
Coast  Survey  during  the  late  Civil  W ar.  Passed 
the  House  of  Representatives,  September  17, 
1890  In  Senate,  September  18, 1890,  read  twice 
and  referred  to  the  Committee  on  Military 
Affairs. 

2,  octavo. 

Fifty-first  Congress, 
first  session,  H.  R. 
6964. 

III&.  STATISTICS. 

U.  S.  COAST  AND  GEODETIC  SURVEY. 

Under  III&,  Statistics,  an  enumeration  will  be  made  for  each  Annual 
.Report  published  by  the  Survey,  beginning  with  the  Report  for  the 
year  1849,  of  the  Appendices  which  contain  results  of  the  work  in  the 
form  of  tables  of  statistics.  The  Report  for  1849  is  the  first  in  which 
a full  tabular  statement  of  statistics  is  given. 


Year  of 
Report. 

Number 
of  Ap- 
pendix. 

Title. 

Number  of 
pages 
and  size. 

1849 

1850 

1851 

39 

5 

Results  of  the  Coast  Survey  at  different  periods  from  1807  to  1849  

Results  of  the  Coast  Survey  at  different  periods  from — 

1844  to  1850 

1,  octavo. 

2,  octavo. 

3,  octavo. 
1,  quarto. 
1,  quarto. 
1,  quarto. 

1,  quarto. 

2,  quarto. 

1844  to  1851 

1852 

1854 

1855 

4 

1844  to  1852  

7 

1844  to  1854  

7 

1844  to  1855 

1856 

1857 

7 

1844  to  1856  

7 

Statistics  of  field  and  office  work  of  the  Coast  Survey.  (These  sta- 

1858 

8 

tistics  are  arranged  in  a table,  the  first  column  of  which 
shows  the  statistics  previous  to  1844 ; the  next  column  gives 
those  for  1844,  and  the  following  columns  those  for  each  sub- 
sequent year,  the  last  being  for  1856,  and  the  final  column 
one  of  totals.) 

Statistics  of  field  and  office  work  of  the  U.  S.  Coast  Survey  during  the 
years  previous  to  1844  and  thence  to  and  including — 

1857 

3,  quarto. 
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Year  of 
Report. 

Number 
of  Ap- 
pendix. 

Title. 

Number  of 
pages 
and  size. 

1859 

7 

Statistics  of  field  and  office  work  of  the  U.  S.  Coast;Survey  during  the 
years  previous  to  1844  and  thence  to  and  including— Cont’d. 

1858  

3,  quarto. 

2,  quarto. 

3,  quarto. 

3,  quarto. 

4,  quarto. 
2,  quarto. 
2,  quarto. 

2,  quarto. 

I860 

7 

1859  

1861 

5 

I860 

1862 

1863 

3 

1861 

3 

18(52 

1864 

1865 

1872 

3 

1863  

3 

1864  

2 

Statistics  of  field  and  office  work  of  the  U.  S.  Coast  Survey — 

During  the  years  previous  to  1865,  and  thence  to  and  including  1871 

1873 

2 

During  the  year  1872 

2,  quarto. 

1874 

2 

During  the  year  1873 

2,  quarto. 

1875 

2 

During  the  year  1874 

2,  quarto. 

1876 

2 

To  the  close  of  the  year  1875 

2,  quarto. 

1877 

2 

To  the  close  of  the  year  1876 

2,  quarto. 

1878 

2 

To  the  close  of  the  year  1877  

2,  quarto. 

1879 

2 

Statistics  of  field  and  office  work  of  the  U.  S.  Coast  and  Geodetic 
Survey — 

To  the  close  of  the  year  1878 

2,  quarto. 

1880 

2 

To  the  close  of  the  year  1879 

2,  quarto. 

1881 

2 

For  the  year  ending  December  31, 1881 

2,  quarto. 

1882 

2 

For  the  eighteen  months  ending  June  30, 1882 

2,  quarto. 

1883 

1884 

1885 

2 

Statistics  of  field  and  office  work  of  the  U.  S.  Coast  and  Geodetic 
Survey  for  the  year  ending  June  30— 

1883 

2,  quarto. 
2,  quarto. 
2,  quarto. 

2 

1884 

2 

1885 

1886 

2 

1886 

; 2,  quarto. 

1887 

1888 

2 

1887 

2,  quarto. 

2,  quarto. 

3,  quarto. 
3,  quarto. 

2 

1888  

1889 

2 

1889  

1890 

2 

1890  
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Year  of 
publica- 
tion. 

Title. 

Number  of 
pages 
and  size. 

How  printed  or  pub- 
lished. 

1842 

Report  by  the  Secretary  of  the  Treasury  of  the  ex- 
penditures for  the  survey  of  the  United  States 
coast.  January  25, 1842. 

8,  octavo. 

Twenty-seventh  Con- 
gress, second  session. 
House  Doc.  No.  57 — 
Vol.  II. 

1843 

Report  of  select  committee  on  the  result  of  an  ex- 
amination of  the  progress  aud  expenditure  of 
the  Coast  Survey.  January,  1843. 

103,  octavo. 

Twenty-seventh  Con- 
gress, third  session. 
House  Report  Ne.  43. 

1843 

Report  of  select  committee.  Additional  informa- 
tion to  that  communicated  in  January  by  the 
same  committee  upon  the  progress  and  expendi- 
tures of  the  Coast  Survey.  February,  1843. 

93,  octavo. 

Twenty-seventh  Con- 
gress, third  session. 
House  Report  No, 
170. 
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Year  of 
publica- 
tion. 

Title. 

Number  of 
pages 
and  size. 

How  printed  or  pub- 
lished. 

1848 

Report  by  tFe  Secretary  of  the  Treasury  on  appro- 
priations for  the  Coast  Survey.  December  22, 
1848. 

2,  octavo. 

Thirtieth  Congress, 
second  session.  Sen- 
ate Ex  Doc.  No.  4. 

1849 

Report  of  Secretary  of  the  Treasury  regarding 
Coast  Survey  expenditures  and  results.  Febru 
ary  7, 1849. 

Ill,  octavo. 

Thirtieth  Congress, 
second  session.  Sen- 
ate Ex.  Doc.  No.  26— 
Yol.  in. 

1849 

Report  of  Secretary  of  the  Treasury  of  number 
and  cost  of  vessels  and  number  of  men  employed 
in  survey  of  United  States  coast.  February  9, 
1849. 

9,  octavo. 

Thirtieth  Congress, 
second  session.  Sen- 
ate Ex.  Doc.  No.  29 — 
Yol.  III. 

1853 

Secretary  of  the  Treasury  submits  report  of  Super- 
intendent of  Coast  Survey  showing  number  and 
names  of  persons  employed  in  Coast  Survey  dur- 
ing year  ending  June  30, 1853,  their  compensa- 
tion and  service,  with  expenditures  made  under 
his  direction.  December  25, 1853. 

16,  octavo. 

Thirty-third  Congress, 
first  session.  Senate 
Doc.  No.  11— Yol.  iv. 

1854 

Secretary  of  the  Treasury,  transmits  reports  show- 
ing disbursements  in  behalf  of  the  Coast  Sur- 
vey. December  27, 1854. 

10,  octavo. 

Thirty-th  ird  Congress, 
second  session. 
House  Ex.  Doc.  No. 
23— Yol.  v. 

1856 

Letter  of  Secretary  of  the  Treasury  transmitting 
report  of  number  and  names  of  persons  em- 
ployed in  the  Coast  Survey  and  expenditures 
made  during  the  year  1854-’55.  December  22, 
1856. 

12,  octavo.  | 

i Thirty-fourth  Con- 
gress, first  session. 
House  Ex.  Doc.  No. 
1 44— Yol.  IX. 

1858 

Secretary  of  the  Treasury  transmits  list  of  per- 
sons employed  inlGoast  Survey  and  expenditures 
for  year  ending  J une  30, 1857."  January  15,  1858. 

12,  octavo. 

Thirty-fifth  Congress, 
first  session.  House 
1 Ex.  Doc.No.20— Yol. 

Hi. 

1858 

| Secretary  of  the  Treasury  reports  amount  ex- 
pended and  progress  made  in  the  Coast  Survey, 
and  also  the  standard  weights  and  measures  fur- 
nished the  several  States  and  custom-houses, 
and  their  cost.  December  16, 1858. 

. 

287,  octavo.  ] 

| 

j 

| 

Thirty-fifth  Congress, 
second  session.  Sen- 
! ate  Report  No.  6— 
Part  2,  Yol.  VI. 

1859 

j Report  by  Seqretary  of  the  Treasury  of  names  and 
salaries  of  persons  employed  on  ithe  Coast  Sur- 
vey. January  7, 1859. 

13,  octavo. 

j 

! Thirty-fifth  Congress, 
! second  session. 

House  Ex.  Doc.  No. 
1 29— Vol.  v. 

1860 

Report  by  Secretary  of  the  Treasury  transmitting 
list  of  the  number  and  names  of  persons  em- 
ployed on  the  Coast  Survey,  amoilnt  of  compen- 
*ation,  etc.  December  24,  I860. 

10,  octavo. 

Thirty-sixth  Congress, 
second  session.  Ex. 
Doc.  No.  15- Yol.  VI. 

1862 

Report  by  Secretary  of  the  Treasury  of  expendi- 
tures on  account  of  the  Coast  Survey  .for  the 
year  ending  June  30,  1861,  list  of  persons  em- 
ployed, salaries,  etc.  March  6, 1862. 

79,  octavo. 

Thirty-seventh  ?C  o n - 
gross,  second  ses- 
sion . House  Ex. 
Doc.  No.  68— Vol.  v. 

1862 

Report  by  Secretary  of  the  Treasury  transmitting 
list  of  the  number  and  names  of  persons  em- 
ployed in  the  Coast  Survey  and  expenditures 
during  the  year  ending  June  30,1861.  March 
25, 1862. 

11,  octavo. 

Thirty  seventh  Con- 
gress, second  ses- 
sion. House  Ex. 
Doc.  No.  83— Yol.  vn. 

1863 

Report  by  Secretary  of  the  Treasury  transmitting 
statement  showing  number  and  names  of  per- 
sons employed  in  the  Coast  Survey  during  the 
fiscal  year  ending  J une  30, 1863,  amount  of  their 
compensation,  and  time  of  employment,  with  a 
statement  of  all  expenditures  made  during  the 
year.  December  16,  1863. 

11.  octavo. 

Thirty-eighth  Con- 
gress, first  session. 
House  Ex.  Doc.  No. 
13— Yol.  VII. 

H.  Ex.  43,  pt.  2—29 
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Year  of 
publica- 
tion. 

Title. 

Number  of 
pages 
and  size. 

How  printed  or  pub- 
lished. 

1864 

Report  of  Secretary  of  the  Treasury  transmitting 
list  of  employes,  with  compensations  and  state- 
ment of  expenditures  of  Coast  Survey  for  fiscal 
year  ending  June  30,  1864.  December  21, 1864. 

9,  octayo. 

Thirty-eighth  Con- 
gress, second  session. 
House  Ex.  Doc.  No. 
13,  Vol.  VIII. 

1866 

Report  of  Secretary  of  Treasury,  transmitting  a 
statement  of  employes  in  the  Coast  Survey 
during  the  year  ending  June  30,  1865. 

9,  octavo. 

Thirty-ninth  Congress, 
first  session.  House 
Ex.  Doc.  No.  24,  Vol. 
VII. 

1866 

Report  by  Secretary  of  the  Treasury  transmitting 
list  of  employes  of  Coast  Survey  with  compen- 
sations, etc.,  for  the  fiscal  year  ending  June  30, 
1886.  December  15,  1866. 

10,  octavo. 

Thirty-ninth  Con- 
gress, second  ses- 
sion. House  Ex.  Doc. 
No.  15,  Vol.  VI. 

1868 

Report  by  Secretary  of  the  Treasury  on  expenses 
of  the  Coast  Survev  for  the  year  ending  June 
30,  1867.  May  8,  1868. 

9,  octavo. 

Fortieth  Congress, 
second  session. 
House  Ex.  Doc.  No. 
286,  Vol.  XVII. 

1870 

Report  by  Secretary  of  the  Treasury  transmitting 
list  of  employes,  with  compensations,  and  state- 
ment of  expenditures  of  Coast  Survey  for  fiscal 
year  ending  June  30,  1869.  January  22,  1870. 

8,  octavo. 

Forty-first  Congress, 
second  session. 
House  Ex.  Doc.  No. 
75,  Vol.  VI. 

1871 

Report  by  Secretary  of  the  Treasury  transmitting 
list  of  employes  of  the  Coast  Survey,  with  com 
pensations,  during  fiscal  year  ending  June  30, 
1870.  February  25,  1871. 

9,  octavo. 

Forty-first  Congress, 
third  session.  House 
Ex.  Doc.  No.  142— 
Vol.  XII. 

1874 

Report  of  Secretary  of  the  Treasury  transmitting 
list  of  Coast  Survey  employes  for  year  ending 
June  30,  1874.  December  23,  1874. 

8,  octavo. 

Forty-third  Congress, 
second  session. 
House  Ex.  Doc.  No. 
71,  Vol.  XII. 

1879 

Report  by  Secretary  of  the  Treasury  of  expendi- 
tures on  account  of  the  Coast  Survey  for  the 
fiscal  year  ending  June  30,  1878.  January  28, 
1879. 

7,  octavo. 

Forty-fifth  Congress, 
third  session.  House 
Ex.  Doc.  No.  40,  Vol. 
XVI. 

1880 

Report  by  Secretary  of  the  Treasury  transmitting 
a report  of  expenditures  of  the  Coast  and  Geo- 
detic Survey  for  the  year  ending  June  30,  1879. 
March  26,  1880. 

7,  octavo. 

Forty-sixth  Congress, 
second  session. 
House  Ex.  Doc.  No. 
68,  Vol.  XXIV. 

1881 

Report  by  Secretary  of  the  Treasury  transmitting 
a report  of  the  expenditures  of  the  Coast  and 
Geodetic  Survey  for  the  year  ending  June  30, 
1880.  January  31,  1881. 

7,  octavo. 

Forty-sixth  Congress, 
third  session.  House 
Ex.  Doc . No.  64,  Vol. 
XVIII. 

1882 

Brief  report  of  the  Superintendent  of  the  Coast 
and  Geodetic  Survey,  containing  statement  of 
expenditures  for  the  fiscal  year  ending  with 
.Tune  30,  1882.  December  2,  1882. 

18,  octavo. 

Treasury  Department. 
Doc.  No.  364. 

1884 

Letter  from  Secretary  of  the  Treasury  transmit 
ting  statement  of  expenditures  of  Coast  and 
Geodetic  Survey  for  the  fiscal  year  ending  June 
30,  1883.  January  22,  1884. 

8,  octavo. 

For  t y-eigh  th  Con  » less , 
first  session.  House 
Ex.  Doc.  No.  63. 

1884 

Letter  from  Secretary  of  the  Treasury  transmit- 
ting statement  of  expenditures  of  Coast  and 
Geodetic  Survey  for  the  fiscal  year  ending  June 
30,  1884.  December  18,  1884. 

8,  octavo. 

Forty-eighth  Congress, 
second  session. 
House  Ex.  Doc.  No. 
52. 

1886 

Letter  from  Secretary’of  the  Treasury  transmit- 
ting statement  of  expenditures  of  the  Coast  and 
Geodetic  Survev  for  the  fiscal  year  ending  June 
30,  1885.  January  9,  1886. 

30,  octavo. 

Forty-ninth  Congress, 
first  session.  House 
Ex.  Doc.  No.  32. 

1887 

Letter  from  Secretary  of  the  Treasury  transmit- 
ting statement  of  expenditures  of  Coast  and 
Geodetic  Survey  for  fiscal  year  ending  June  30, 
1886.  February  4, 1887. 

27,  octavo. 

Forty-ninth  Congress, 
second  session. 
House  Ex.  Doc.  No. 
149. 
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Year  of 
publica- 
tion. 

Title. 

Number  of 
pages 
and  size. 

! How  printed  or  pub- 
lished. 

1888 

Letter  from  Secretary  of  the  Treasury  transmit- 
ting statement  of  expenditures  of  Coast  and 
Geodetic  Survey  for  fiscal  year  ending  June  30, 
1887.  February  11, 1888. 

29,  octavo. 

Fiftieth  Congress,  first- 
session.  House  Ex. 
Doc.  No.  154. 

1889 

Letter  from  Secretary  of  the  Treasury  transmit- 
ting statement  of  expenditures  of  Coast  and  1 
Geodetic  Survey  for  fiscal  year  ending  June  30,  j 
1888.  January  2, 1889. 

30,  octavo. 

Fiftieth  Congress,  sec- 
ond session.  House 
Ex.  Doc.  No. 53. 

1890 

Letter  from  Secretary  of  the  Treasury  transmit-' 
ting  statement  of  expenditures  of  Coast  and  ; 
Geodetic  Survey  for  fiscal  year  ending  June  30,  i 
1889.  January  2, 1890. 

31.  octavo. 

Fifty-first  Congress, 
first  session.  House 
Ex.  Doc.  No.  30. 

1891 

Letter  from  Secretary  of  the  Treasury  transmit-  ! 
ting  statement  of  expenditures  of  Coast  and 
Geodetic  Survey  for  fiscal  year  ending  June  30, 
1890.  February  26, 1891. 

28,  octavo. 

Fifty-first  Congress, 
second  session. 
House  Ex.  Doc.  No. 
278. 

Illd.  TABULAR  STATEMENTS  OF  INFORMATION  FURNISHED. 

IT.  S.  COAST  AND  GEODETIC  SURVEY. 

Tabular  statements  of  information  furnished  by  the  Survey  in  re- 
sponse to  official  calls,  or  in  compliance  with  unofficial  requests,  under 
the  regulations  of  the  Treasury  Department,  will  be  found  in  the 
annual  reports,  as  follows: 


Year  of 
report. 

No.  of 
appen- 
dix. 

Pages. 

Year  of 
report. 

No.  of 
appen- 
dix. 

Pages. 

Year  of 
report. 

No.  of 
appen- 
dix. 

Pages. 

Year  of 
report. 

No.  of 
appen- 
dix. 

Pages. 

1852 

7 

83,  84 

1862 

2 

74,  75 

1872 

3 

63,  64 

1882 

3 

79-84 

1853 

6 

12, 13 

1863 

2 

67-69 

1873 

3 

76,77 

1883 

3 

87-92 

1854 

5 

11, 12 

1864 

2 

44-46 

1874 

3 

57,  58 

1884 

3 

97-102 

1855 

5 

115,  116 

1865 

2 

41,42 

32 

1875 

3 

81,  82 

1885 

3 

89-93 

1856 

5 

104-106 

1866 

2 

1876 

3 

75,  76 

1886 

3 

107-113 

1857 

5 

135,  136 

1867 

2 

52 

1877 

3 

78,  79 

1887 

3 

105-111 

1858 

6 

134, 135 
118,119 

1868 

2 

47 

1878 

3 

75,  76 

1888 

3 

107-111 

1859 

6 

1869 

2 

71 

1879 

3 

85-87 

1889 

3 

115-119 

I860 

6 

117 

1870 

2 

59-62 

1880 

3 

70-72 

1890 

3 

119-125 

1861 

4 

85,  86 

1871 

2 

78,  79 

1881 

3 

75-80 

. 

IHe.  ANNUAL  REPORTS  OF  OFFICE  OPERATIONS. 

\ 

U.  S.  COAST  AND  GEODETIC  SURVEY. 

In  the  earlier  Reports  of  the  Coast  Survey  statements  of  progress 
made  in  office  operations  will  generally  be  found  following  the  abstracts 
of  reports  of  field  work,  attention  being  called  also  to  office  work  of 
special  interest  or  importance  in  the  introductory  portions  of  the 
Reports. 

This  will  be  found  to  apply  to  the  Annual  Reports  from  1844  to  1855, 

inclusive. 
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In  the  Reports  from  1856  to  1864,  inclusive,  in  addition  to  the  notices 
of  office  operations  in  the  body  of  each  Report,  there  are  Appendices 
which  contain  reports  from  the  Chiefs  of  the  Divisions  of  the  Office,  or, 
in  some  cases,  the  complete  reports  of  the  Assistant  in  charge  of  the 
Office,  and  of  the  Chiefs  of  Divisions.  (See  list  of  Contents  of  Appen- 
dices preceding  Alphabetical  Index.) 

The  publication  of  the  annual  reports  of  the  Assistant  in  charge  of 
the  Office,  and  of  the  Chiefs  of  the  Office  Divisions,  was  discontinued 
during  the  years  1865  to  1880,  inclusive,  and  the  references  to  office 
operations  were  made  in  the  same  manner  as  those  in  the  Annual 
Reports  of  the  Survey  from  1844  to  1855,  inclusive,  these  references 
being  supplemented  by  Appendices  giving  lists  of  drawings  or  engrav- 
ings  of  charts  in  progress  or  completed,  and  by  Appendices  detailing 
the  field  and  office  work  relating  to  tides. 

In  the  Annual  Report  for  1881  the  reports  made  by  the  Chiefs  of  the 
Computing,  Tidal,  Drawing,  Engraving,  and  Hydrographic  Divisions 
of  the  Office  were  printed  in  full;  in  the  Report  for  1882  these  reports 
were  published  as  Appendix  No.  6;  in  the  Annual  Reports  of  the 
Spi  vey  from  1883  to  1889,  inclusive,  the  annual  reports  of  the  Assistant 
in  charge  of  Office  and  Topography,  and  of  the  Hydrographic  In- 
spector, appear  as  Appendices  Nos.  4 and  5;  in  the  Annual  Report  for 
1890,  Appendix  No.  4 contains  the  annual  report  of  the  Assistant  in 
charge  of  the  Office;  Appendix  No.  5 the  annual  report  of  the  Hydro- 
graphic Inspector;  Appendix  No.  6 the  annual  report  of  the  Disburs- 
ing Agent,  and  Appendix  No.  7 the  annual  report  of  the  Assistant  in 
charge  of  the  Office  of  Weights  and  Measures. 

It  has  not  been  deemed  advisable  to  add  to  the  bulk  of  this  De- 
scriptive Catalogue  by  extended  lists  of  these  Office  reports,  embody- 
ing as  they  do  much  matter  relating  to  routine  operations  and  details 
of  value  chiefly  for  official  reference. 


III/.  NECROL0GY.  .1844  to  1890. 


TJ.  S.  COAST  AND  GEODETIC  SURVEY. 

Under  III/  will  be  found  in  alphabetical  order  the  names  of  those 
officers  and  employes  of  the  Survey  who  have  died  in  its  service,  and 
with  regard  to  whom  memorial  meetings  were  held  or  obituary  notices 
issued. 


Name  aiul  grade. 

Reference  to 
in  Annual 
Report, 
or  date  of 
obituary 
notice.’ 

Pages. 

Allison,  Richard,  Passed  Midshipman  and  Acting  Master,  U.  S. N 

1847 
- 1867 

45,  81,  82. 
330-334. 

Apr.  21, 1890 
1846 
1879 

Bache,  George  M.,  Lieutenant  U.  S.N.,  Assistant,  U.  S.  Coast  Survey  .. 
Bache,  Henry  Wood,  Sn bassist, a, nt,  

23,  62,  68. 
10, 11. 

Baker,  Woods,  Assistant 

1852 

5,  67, 132. 

Barker,  John  R.,  Draughtsman  and  Artist 

1884 

16. 

Barnard,  Henry  S.,  Engraver  

1875 

10. 

Bissell,  George  W.,  Hydrographic  Aid 

1871 

15 

Blair.  Henrv  Wayne.  Assistant 

1885 

73,  76,  97,  98,  113. 
8. 

Blunt,  Edmund,  Assistant 

1866 

Boutelle,  Charles  Otis,  Assistant 

1890 

84. 

Cordell,  Edward,  Assistant 

June  25, 1890 
1870 

8,  9. 

Cutts,  Richard  D.,  Assistant 

Dec.  15, 1883 
1884 

In  charge  of  the  Office 

14,  15. 

Dankworth,  F.,  Engraver 

1859 

32. 

De  Koven,  William,  Passed  Midshiptnan.  U.  S.  N 

1851 

533. 

Dickins,  Hugo  L.,  Assistant 

Diggs,  John  H.,  Messenger 

1844 

1871 

18 

15,16. 

Dorr,  Frederick  William,  Assistant 

Dec.  24, 1877 

Drinkard,  C.  L.,  Clerk 

1881 

55,  56,  64. 
32. 

30 

Duer,  John  K.,  Lieutenant  U.  S.  N.,  Assistant,  U.  S.  Coast  Survey  .... 
Fairfax,  Wilson  M.  C.,  Assistant 

1859 

1860 

Farley,  John,  Assistant 

1874 

16. 

Farquhar,  George,  Hydrographic  Draughtsman 

Aug.  3,  1874 
1880 

40 

Fauntlerov,  E.  H.,  Aid 

1860 

31. 

Fanntleroy,  R.  H.,  Assistant 

1850 

47,  116,117. 

8 

Fendall,  Clarence,  Subassistant 

1868 

Foster,  James,  Passed  Midshipman,  U.  S.  N 

1847 

17. 

Gerdes,  Ferdinand  H.,  Assistant 

1884 

15, 16. 
7,  8. 

Gilbert,  Samuel  A.,  Assistant 

1868 

Gilbert,  Wyllys  S.,  Subassistant 

1862 

19. 

Gluck,  John  B.,  Assistant 

1852 

5,  28, 131. 
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Bibliography ; statistics;  official  reports  of  expenditures,  etc.,  eic. — Continued. 
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Name  arid  grade. 

Reference  to 
in  Annual 
Report, 
or  date  of 
obituary 
notice. 

Pages. 

Harding,  William  AV.,  Subassistant 

1871 

15. 

Harrison,  A.  M.,  Assistant 

1881 

1 9. 

Hassler,  J.  J.  S.,  Assistant 

Feb.  2, 1881 
1858 

| 42. 

Hein,  Samuel,  Disbursing  Agent,  1844-1877  ; Librarian,  1877-1885 

1886 

118. 

Hein.  Harry  S.,  Clerk 

1871 

15. 

Hergesbeiraer,  Edwin,  Assistant,  and  Chief  of  the  Drawing  Division, 
U.  S.  Coast  and  Geodetic  Survey  Office 

1889 

96,123. 

1861 

23. 

Hoover,  John  T.,  Chief  of  the  Miscellaneous  Division,  U.  S.  Coast  and 
Geodetic  Survey  Office 

1878 

10,  63. 

Hough,  S.  J.,  Aid 

, 1857 

83. 

Hosmer,  Charles,  Assistant 

1888 

22. 

Humphries,  G.E.,  Aid 

1857 

43. 

Hunt,  E.  B.,  Maj.,  U.  S.  Engineers,  Assistant 

1863 

1.7, 18. 

Hutchinson,  Henry  T.,  Sailing  Master 

1879 

42. 

Johnstone(  M.  T.,  in  charge  of  Map  Room 

1866 

9. 

Karcher,  Louis,  Draughtsman 

1886 

118. 

Kincbeloe,  Julius,  Subassistant 

1867 

11. 

Knight,  John,  Engraver 

1875 

10. 

Kondrup,  John  C.,  Engraver 

1875 

10. 

Mapes,  W.  B.,  Acting  Aid  

1886 

57. 

Mapes,  W.  H.,  Inspecting  Engineer 

1879 

12. 

McArthur,  Wm.  P.,  Lieut.,  U.  S.  N.,  Assistant,  Coast  Survey 

1851 

82,  509-511. 

McClery,  M.J.,  Draughtsman 

1866 

8,  9. 

McCoy,  Hazzard,  Mail  Messenger 

1886 

118. 

McDonnell,  Thomas,  in  charge  of  Map  Room 

1882 

15. 

Nes,  Frederick  F.,  Assistant 

July  8, 1879 

Oltmanns,  John  G.,  Assistant 

1870 

9.  . 

O’Sullivan,  T.  J.,  Draughtsman,  in  charge  of  Drawing  Division 

1886 

118. 

Over,  Frank,  Assistant  Electrotypist 

1886  ' 

118. 

Palmer,  AVilliam  R.,  Maj.,U.  S.  Topographical  Engineers,  Assistant 
in  charge  of  the  Coast  Survey  Office  1858  to  1862  

1862 

19,431,432. 

Patterson,  Carlile  P.,  Superintendent,  1874-1881  

Aug.  17, 1881 

22. 

1882 

14, 15,  559-563. 

Patterson,  W.  P.,  Watchman 

1868 

8. 

Pearl,  Arthur  F.,  Hydrographic  Aid 

1871 

j 15. 

Peirce,  Benjamin,  Superintendent,  1867-1874 

Oct.  11, 1880 

Consulting  Geometer,  1874-1880  

1881 

8,9. 

Pleasants,  W.  H.,  Engineer 

1879 

44. 

Rumpf,  Gottlieb,  Computer 

1882 

63,95. 

Rutb,  Joseph  S.,  Assistant 

1852 

6,51,52,132,133. 

Sands,  William  F.,  Hydrographic  Aid 

1862 

20. 

Seib,  John,  Assistant 

1860 

30. 

Sengteller,  A.,  Engraver 

1884 

16. 

Sengteller,  Louis  A.,  Assistant 

1889 

70. 

Sinead,  John  R.,  Capt.,  Fifth  U.  S.  Artillery 

1862 

19,  434. 

Stevens,  Isaac  I.,  Brig.  Gen.,  U.  S.  Volunteers,  Assistant  in  charge  of 
the  Coast  Sui  vey  Office  1849  t > 1853  

1862 

19,  432,  433. 

Stewart,  Gordon  A.,  Keeper  of  Archives .. 

1882 

16. 

REPORT  FOR  1891 PART  II. 


455 


Bibliography ; statistics ; official  reports  of  expenditures,  etc.,  etc. — Continued. 


t III/.  NECROLOGY— Continued. 
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Name  and  grade. 

Reference  to 
in  Annual 
Report, 
or  date  of 
obituary 
notice. 

Pages. 

1 

Taney,  Edmund  L.,  Subassistant 

May  10, 1890 

! ' 

Terrill,  William  R.,  Brig.  Gen.,  U.  S.  Volunteers 

1862 

19. 

Terry,  Carlisle,  jr.,  Subassistant 

1887 

62. 

Thompson,  A.  W.,  Aid 

Mar.  14, 1887  | 
1861  ; 

23. 

Throop,  J.  V.  N.,  Engraver 

1860 

30. 

Totten,  Joseph  Swift,  Lieut.,  U.  S.  Artillery,  Assistant 

1853 

15, 167, 168. 

Wadsworth,  Alexander  S.,  Assistant 

1862 

19. 

Walker,  Sears  C.,  Assistant 

1853 

15, 166, 167. 

Waters,  Richard,  Fireman 

1886 

118. 

West,  Benjamin  F.,  Subassistant 

1853 

15,168,169. 

Wharton,  Edward,  Engraving  Division  

1868 

'8. 

Whyte,  Joseph,  Clerk 

1858 

42. 

Winlock,  Joseph,  Director  of  Harvard  College  Observatory  and  As- 
tronomer for  the  Coast  Survey 

1875 

10. 

Wiirdemann,  Gustavus,  Tidal  Observer 

1859 

32. 

Yeatman,  A.,  Master  Carpenter 

1884 

16. 

IV 


LIST  Ot  TIDE  TABLES  FROM  THE  DATE  OF  EARLIEST  PUBLICATION 
IN  THE  SURVEY  TO  THE  YEAR  1890. 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


Year  of 
publica- 
tion. 

Description. 

Number  of 
pages 
and  size. 

Mode  of  publication. 

1854 

Tide  tables  for  the  United  States ; pre- 
pared from  the  Coast  Survey  observa- 
tions by  A.  D.  Bache,  Superintendent. 

4,  quarto. 

Appendix  No.  26,  Report  for  1853. 

1855 

Tide  tables  for  the  coast  of  the  United 
States. 

10,  quarto. 

Appendix  No.  51,  Report  for  1854. 

.1856 

Tide  tables  for  the  use  of  navigators ; pre- 
pared from  the  Coast  Survey  observa- 
tions by  A.  D.  Bache,  Superintendent. 

12,  quarto. 

Appendix  No.  53,  Report  for  1855. 

1856 

do 

14,  quarto. 

Appendix  No.  17,  Report  for  1856. 

1858 

do 

Appendix  No.  20,  Report  for  1857. 
Appendix  No.  43,  Report  for  1858. 

1859 

22,  quarto. 

1860 

do 

32,  quarto. 

Appendix  No.  14,  Report  for  1859. 

1861 

do 

34,  quarto. 

Appendix  No.  16,  Report  for  1860. 

1862 

do 

34,  quarto. 

Appendix  No.  9,  Report  for  1861. 

1864 

do 

34,  quarto. 

Appendix  No.  8,  Report  for  1862. 

1864 

do 

34,  quarto. 

Appendix  No.  12,  Report  for  1863. 

1866 

33,  quarto. 

Appendix  No.  8,  Report  for  1864. 

1866 

Tide  tables  for  the  Atlantic  coast  of  the 
United  States  for  the  year  1867. 

101, 12mo. 

Pamphlet  [Government  Printing 
Office], 

1866 

Tide  tables  for  the  Pacific  coast  of  the 
United  States  for  the  year  1867. 

32, 12mo. 

Do. 

1867 

Tide  tables  for  the  Atlantic  coast  of  the 
United  States  for  the  year  1868. 

109, 12mo. 

I 

Do. 

1867 

Tide  tables  for  the  Pacific  coast  of  the 
United  States  for  the  year  1868. 

58, 12mo.  j 

Do. 

1868 

Tide  tables  for  the  Atlantic  coast  of  the 
United  States  for  the  year  1869. 

110, 12mo. 

DO. 

1868 

Tide  tables  for  the  Pacific  coast  of  the 
United  States  for  the  year  1869. 

58, 12mo. 

Do. 

1869 

Tide  tables  for  the  Atlantic  coast  of  the 
United  States  for  the  year  1870. 

Ill,  12mo 

Do. 

1869 

Tide  tables  for  the  Pacific  coast  of  the 
United  States  for  the  year  1870. 

59. 12mo. 

Do. 

1870 

Tide  tables  for  the  Atlantic  coast  of  the 
United  States  for  the  year  1871. 

112, 12mo 

Do. 

1870 

Tide  tables  for  the  Pacific  coast  of  the 
United  States  for  the  year  1871. 

59. 12mo. 

Do. 

1871 

Tide  tables  for  the  Atlantic  coast  of  the 
United  States  for  the  year  1872. 

1 19, 12mo 

Do. 

1871 

Tide  tables  for  the  Pacific  coast  of  the 
United  States  for  the  year  187 2. 

59, 12mo. 

Do. 

1872 

Tide  tables  for  the  Atlantic  coast  of  the 
United  States  for  the  year  1873. 

121, 12mo. 

Do. 

1872 

Tide  tables  for  the  Pacific  coast  of  the 
United  States  for  the  year  1873. 

60, 12mo. 

Do. 

1873 

4 

Tide  tables  for  the  Atlantic  coast  of  the 
United  States  for  the  year  1874. 

156 

122, 12mo. 

Do. 
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Yftir  of 
publica. 
tion. 

Description. 

Number  of ' 
pages 
and  size. 

Mode  of  publication. 

1873 

Tide  tables  for  the  Pacific  coast  of  the 
United  States  for  the  year  1874. 

60, 12mo, 

Pamphlet  [Government  Printing 
Office]. 

1874 

Tide  tables  for  the  Atlantic  coast  of  the 
United  States  for  the  year  1875. 

122,  l2mo. 

Do. 

1874 

Tide  tables  for  the  Pacific  coast  of  the 
United  States  for  the  year  1875. 

61, 12mo. 

Do. 

1875 

Tide  tables  for  the  Atlantic  coast  of  the 
United  States  for  the  year  1876. 

109, 12mo. 

Do.  * 

1875 

Tide  tables  for  the  Pacific  coast  of  the 
United  States  for  the  year  1876. 

61, 12mo. 

Do. 

1876 

Tide  tables  for  the  Atlantic  coast  of  the 
United  States  for  the  year  1877. 

124, 12mo. 

Do. 

1876 

Tide  tables  for  the  Pacific  coast  of  the 
United  States  for  the  year  1877. 

61, 12mo. 

Do. 

1877 

Tide  tables  for  the  Atlantic  coast  of  the 
United  States  for  the  year  1878. 

124, 12mo. 

Do. 

1877 

Tide  tables  for  the  Pacific  coast  of  the 
United  States  for  the  year  1878. 

61, 12mo. 

Do. 

1878 

Tide  tables  for  the  Atlantic  coast  of  the 
United  States  for  the  year  1879. 

128,  l2mo. 

Do. 

1878 

Tide  tables  for  the  Pacific  coast  of  the 
United  States  for  the  year  1879. 

65, 12mo. 

Do. 

1879 

Tide  tables  for  the  Atlantic  coast  of  the 
United  States  for  the  year  1880. 

129, 12mo. 

Do. 

1879 

Tide  tables  for  the  Pacific  coast  of  the 
United  States  for  the  year  1880. 

65, 12mo. 

Do. 

1880 

Tide  tables  for  the  Atlantic  coast  of  the 
United  States  for  the  year  1881. 

129, 12mo. 

Do. 

1880 

Tide  tables  for  the  Pacific  coast  of  the 
United  States  for  the  year  1881. 

65, 12mo. 

Do. 

1881 

Tide  tables  for  the  Atlantic  coast  of  the 
United  States  for  the  year  1882. 

130. 12mo. 

Do. 

1881 

Tide  tables  for  the  Pacific  coast  of  the 
United  States  for  the  year  1882. 

65, 12mo. 

Do. 

1882 

Tide  tables  for  the  Atlantic  coast  of  the 
United  States  for  the  year  1883. 

130, 12mo. 

Do. 

1882 

Tide  tables  for  the  Pacific  coast  of  the 
United  States  for  the  year  1883. 

66, 12  mo. 

Do. 

1883 

Tide  tables  for  the  Atlantic  coast  of  the 
United  States  for  the  year  1884. 

136, 12mo. 

Do. 

1883 

Tide  tables  for  the  Pacific  coast  of  the 
United  States  for  the  year  1884. 

66, 12mo, 

Do. 

1884 

Tide  tables  for  the  Atlantic  coast  of  the 
United  States  for  the  year  1885. 

136, 12mo. 

Do. 

1884 

Tide  tables  for  the  Pacific  coast  of  the 
United  States  for  the  year  1885. 

66, 12mo. 

Do. 

1885 

Tide  tables  for  the  Atlantic  coast  of  the 
United  States  for  the  year  1886. 

157, 12mo. 

Do. 

1885 

Tide  tables  for  the  Pacific  coast  of  the 
United  States,  together  with  a few  sta- 
tions in  Lower  California,  British  Co- 
lumbia, and  Alaska  Territory,  for  the 
year  1886. 

75, 12mo. 

Do. 

- 

I 

1886 

Tide  tables  for  the  Atlantic  coast  of  the 
United  States  for  the  year  1887. 

241, 12mo. 

Do. 

1886 

Tide  tables  for  the  Pacific  coast  of  the 
United  States,  together  with  a few  sta- 
tions in  Lower  California,  British  Co 
lumbia,  and  Alaska  Territory,  for  the 
year  1887. 

75, 12mo. 

Do. 

1887 

Tide  tables  for  the  Atlantic  coast  ot  the 
United  States  for  tbe  year  1888. 

212. 12  mo. 

D®. 
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Year  of 
publica- 
tion. 

Description. 

Number  of 
pages 
and  size. 

Mode  of  publication. 

1887 

Tide  tables  for  the  Pacific  coast  of  the 
United  States,  together  with  a few  sta- 
tions in  Lower  California,  British  Co- 
lumbia, and  Alaska  Territory,  for  the 
year  1888. 

| 80, 12mo. 

Pamphlet  [Government  Printing 
Office.] 

j 

1888 

Tide  tables  for  the  Atlantic  coast  of  the 
United  States  for  the  year  1889. 

242, 12mo.  \ 

- 

Do. 

1888 

Tide  tables  for  the  Pacific  coast  of  the 
United  States,  together  with  a few  sta- 
tions in  Lower  California,  British  Co- 
lumbia, and  Alaska  Territory,  for  the 
year  1889. 

79, 12mo. 

Do. 

1889 

Tide  tables  for  the  Atlantic  coast  of  the 
United  States,  together  with  206  sta- 
tions on  the  Atlantic  coast  of  British 
America,  for  the  year  1890. 

237,  large 
octavo. 

1 

Do. 

1889 

Tide  tables  for  the  Pacific  coast  of  the 
United  States,  together  with  121  sta- 
tions in  Lower  California,  British  Co- 
lumbia, and  Alaska  Territory,  for  the 
year  1890. 

105,  large 
octavo. 

Do. 

1890 

Tide  tables  for  the  Atlantic  coast  of  the 
United  States,  together  with  206  sta- 
tions on  the  Atlantic  coast  of  British 
America,  for  the  year  1891. 

250,  large 
octavo. 

Do. 

1890 

Tide  tables  for  the  Pacific  coast  of  the 
United  States,  together  with  121  sta- 
tions in  Lower  California,  British  Co- 
lumbia, and  Alaska  Territory,  for  the 
year  1891. 

Ill,  large 
octavo. 

Do. 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


Year  of 
publi- 
cation. 

Title. 

Number  of 
pages 
and  size. 

Number 
of  charts, 
views, 
etc. 

Mode  of  publication. 

1850 

Sailing  directions  to  accompany  the 
new  chart  of  the  western  coast  of 
the  United  States.  (First  edition.) 
Published  December,  1850.  By  A. 
D.  Bache,  Superintendent. 

13,  octavo. 

Gideon  & Co.,  Printers, 
Washington,  D.  C. 

1851 

Notices  of  the  western  coast  of  the 
United  States.  U.  S.  Coast  Survey. 
A.  D.  Bache,  Superintendent.  (Re- 
vised edition.)  December,  1851. 

55,  octavo. 

Do. 

1856 

Extracts  from  a report  made  to  the 
Superintendent  by  Assistant  George 
Davidson,  upon  localities  on  the 
western  coast  of  the  United  States 
from  the  north  entrance  of  Rosario 
Strait,  Washington  Territory,  to 
the  southern  boundary  of  California. 

10,  quarto. 

Report  for  1855— Appendix 
26. 

1856 

Extracts  from  letters  addressed  to 
the  Superintendent  by  Lieut.  W. 
P.  Trowbridge,  U.  S.  Engineers, 
Assistant,  relative  to  Bodega  Bay 
and  South  Farallon  Island,  Cali- 
fornia. 

2,  quarto. 

Report  for  1855— Appendix 
27. 

1856  ! 

i 

Extracts  from  the  report  of  Sub- 
assistant W.  M.  Johnson  relative 
to  the  featuresof  Santa  Cruz  Island, 
the  valley  of  San  Buenaventura, 
and  the  coast  of  Santa  Barbara 
Channel. 

3,  quarto. 

Report  for  1855 — Appendix 

28. 

1856  | 

Letter  of  Commander  James  Alden, 
U.  S.  Navy,  Assistant,  relative  to 
the  coast,  harbors,  and  commerce 
of  Washington  Territory. 

4,  quarto. 

Report  for  1855— Appendix 
| 29. 

1856 

Catalogue  of  sailing  directions,  list  of 
dangers,  etc.,  prepared  for  publica- 
tion under  the  direction  of  the 
Superintendent. 

8,  quarto. 

| 

Report  for  1855 — Appendix 
30. 

1856 

Report  upon  the  sailing  directions 
for  the  port  of  New  York  and  its  j 
approaches,  taken  from  the  general  | 
chart  of  the  Coast  Survey,  pub-  j 
lished  in  1852,  by  A.  D.  Bache,  1 
Superintendent  U.  S.  Coast  Survey,  | 
together  with  a copy  of  the  sailing  j 
directions  themselves.  ; 

31,  octavo. 

j 

i 

1 i 

I 
1 

| 

I 

! Cambridge.  Printed  by 
Allen  & Farnham,  1856, 
for  gratuitous  distribu- 
tion by  the  Life  Saving 
Benevolent  Association  of 
New  York. 

. - 

1859 

Directory  for  the  Pacific  Coast  of  the  ! 
United  States,  reported  to  the  Su-  ! 
perintendent  of  the  United  States  | 
Coast  Survey  by  George  Davidson,  i 
Assistant.  (First  edition.) 

162,  quarto. 

! 

! 

i 

. 

Coast  Survey  report,  1858— 
1 Appendix  44. 

1864 

The  same.  (Second  edition.) 

163,  quarto. 

Coast  Survey  report,  1862- 
Appendix  39. 

1869 

Report  of  Assistant  George  Davidson 
relative  to  the  resources  and  the 
coast  features  of  Alaska  Territory. 

Note.  — This  report,  which  is  the 
basis  of  the  Coast  Pilot  of  Alaska, 
published  in  the  same  year  as  a 
separate  volume,  was  first  sub- 
mitted for  publication  by  Mr. 
Davidson  on  November  30,  1867. 

143,  quarto. 

4 

1 

Coast  Survey  report,  1867 — 
Appendix  18. 

459 


400 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


Catalogue  of  Coast  Pilots  for  the  Atlantic  and  Pacific  Coasts,  etc.\—  Continued. 


U.  S.  COAST  AND  GEODETIC  PURVEY— Continued. 


Y ear  of 
publi- 
cation. 

Title. 

Number  of 
pages 
and  size. 

Number 
of  charts, 
views, 
etc. 

Mode  of  publication. 

1860 

Pacific  Coast.  Coast  Pilot  of  Cali- 
fornia, Oregon,  and  Washington 
Territory.  By  George  Davidson, 
Assistant,  Coast  Survey. 

262,  quarto. 

33 

1 vol.,  Government  Printing 
Office,  1869. 

1869 

Pacific  Coast.  Coast  Pilot  of  Alaska. 
(First  part.)  From  southern 
boundary  to  Cook’s  Inlet.  By 
George  Davidson,  Assistant,  Coast 
Survey. 

251,  quarto. 

8 

1 vol.,  Government  Printing 
Office,  1869. 

1875 

Coast  Pilot  for  the  Atlantic  sea-board. 
Gulf  of  Maine  and  its  coast  from 
Eastport  to  Boston.  1874.  By  J. 
S.  Bradford,  Assistant. 

960,  quarto. 

12 

1 vol.,  Government  Printing 
Office,  1875. 

1878 

Atlantic  Coast  Pilot.  Boston  Bay  to 
New  York. 

628,  quarto. 

55 

1 vol.,  Government  Printing 
Office,  1878. 

1879 

Atlantic  Coast  Pilot.  Boston  Bay  to 
Monomoy. 

92,  quarto. 

4 

1 vol.,  Government  Printing 
Office,  1879. 

1879 

Atlantic  Coast  Pilot.  Nantucket  and 
Vineyard  Sounds. 

107,  quarto. 

7 

1vol.,  Government  Printing 
Office,  1879. 

1879 

Atlantic  Coast  Pilot.  Buzzard’s  and 
Narragansett  Bays. 

122,  quarto. 

4 

1 vol.,  Government  Printing 
Office,  1879. 

1879 

Atlantic  Coast  Pilot.  Block  Island 
aud  Fisher’s  Island  Sounds,  Gardi- 
ner’s and  Pecouic  Bays. 

66,  quarto. 

4 

1 vol.,  Government  Printing 
Office,  1879. 

1879 

Atlantic  Coast  Pilot.  Long  Island 
Sound  and  East  River. 

86,  quarto. 

6 

1 vol.,  Government  Printing 
Office,  1879. 

1879 

Atlantic  Coast  Pilot.  Harbors  in 
Long  Island  Sound. 

112,  quarto. 

4 

1vol.,  Government  Printing 
Office,  1879. 

1879 

Atlantic  Coast  Pilot.  South  coast  of 
Long  Island,  Nr6W  York  Bay,  and 
Hudson  River. 

Note. — The  seven  volumes  above 
named,  published  early  in  the  year 
1879,  comprise  a series  intended  to 
meet  local  wants,  and  are  all  con- 
tained in  the  one  volume  of  the  At- 
lantic Coast  Pilot  for  1878,  compiled 
and  verified  by  J.  S.  Bradford, 
Assistant. 

90,  quarto. 

22 

1 vol.,  Government  Printing 
Office,  1879. 

1879 

Atlantic  Coast  Pilot.  Division  A. 
Eastport  to  Boston.  (Second 
edition.) 

694,  quarto. 

56 

1 vol.,  Government  Printing 
Office,  1879. 

1879 

Atlantic  Local  Coast  Pilot.  Subdi- 
vision 1.  Passamaquoddy  Bay  to 
Schoodic. 

115,  quarto. 

10 

1 vol.,  Government  Printing 
Office,  1879. 

1879 

Atlantic  Local  Coast  Pilot.  Subdi- 
vision 2.  Frenchmans  Bay  to  Isle- 
au-haut. 

196,  quarto. 

7 

1 vol.,  Government  Printing 
Office,  1879. 

1879 

Atlantic  Local  Coast  Pilot.  Subdi- 
vision 3.  Penobscot  Bay  aud  tribu- 
taries. (First  edition.) 

121,  quarto. 

18 

1 vol.,  Government  Printing 
Office,  1879. 

1879 

Atlantic  Local  Coast  Pilot.  Subdi- 
vision 4.  White  Head  Island  to 
Cape  Small  Point. 

126,  quarto. 

6 

1 vol.,  Government  Printing 
Office,  1879. 

1879 

Atlantic  Local  Coast  Pilot.  Subdi- 
vision 5.  Cape  Small  Point  to  Cape 
Auu. 

141,  quarto. 

10 

1vol.,  Government  Printing 
Office,  1879. 

1879 

Atlantic  Local  Coast  Pilot.  Subdi- 
vision 6.  Cape  Aon  to  Cohasset. 

Note. — The  six  volumes  of  the  At- 
lantic Local  Coast  Pilot  named 
above  and  published  about  the 
middle  of  the  year  1879,  appear  as 
separate  parts  of  the  large  volume 
“ Atlantic  Coast  Pilot,  Division  A, 
Eastport  to  Boston”  (second 
edition),  compiled  by  -J.  S Bi ad- 
ford,  Assistant. 

107,  quarto. 

5 

1 vol..  Government  Printing 
Office,  1879. 
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Year  of 
publi- 
cation. 

Title. 

N umber  of 
pages 
and  size. 

Number 
of  charts, 
views, 
etc. 

1 

Mode  of  publication. 

1879 

Pacific  Coast  Pilot.  Coast  and 
islands  of  Alaska.  Second  series. 
Appendix  1.  Meteorology  and  Bibli- 
ography. By  W.  H.  Dallj  Assistant. 

375,  quarto. 

27 

\ 

1 vol.,  Government  Printing 
Office,  1879. 

1880 

Atlantic  Coast  Pilot.  Division  B. 
Boston  to  New  York.  (Second 
edition.) 

675,  quarto. 

1 

1 vol.,  Government  Printing 
Office,  1880. 

1880 

Atlantic  Local  Coast  Pilot.  Subdi- 
vision 7.  Boston  to  Monomoy. 
(Second  edition.) 

86,  quarto. 

5 

1 vol.,  Government  Printing 
Office,  1880. 

1880 

Atlantic  Local  Coast  Pilot.  Subdi- 
vision 8.  Nantucket  and  Vineyard 
Sounds.  (Second  edition.) 

116,  quarto. 

9 i 

| 

1 vol.,  Government  Printing 
Office,  1880. 

1880 

Atlantic  Local  Coast  Pilot.  Subdi- 
vision 9.  Buzzard’s  and  Narragan- 
sett  Bays.  (Second  edition.) 

131,  quarto. 

5 ! 

1vol.,  Government  Printing 
Office,  1880. 

1880 

Atlantic  Local  Coast  Pilot.  Subdi- 
vision 10.  Block  Islaud  and 
Fisher’s  Island  Sounds;  Gardiner’s 
and Peconic  Bays.  (Second edition.) 

70,  quarto. 

5 

1 vol.,  Government  Printing 
Office,  1880. 

1880 

Atlantic  Local  Coast  Pilot.  Subdi- 
vision 11.  Long  Island  Sound  and 
East  River.  (Second  edition.) 

92,  quarto. 

6 

1 vol.,  Government  Printing 
Office,  1880. 

1880 

Atlantic  Local  Coast  Pilot.  Subdi- 
vision 12.  Harbors  in  Long  Island 
Sound.  (Second  edition.) 

126,  quarto. 

4 

1 vol.,  Government  Printing 
Office,  1880. 

1880 

Atlantic  Local  Coast  Pilot.  Subdi- 
vision 13.  South  coast  of  Long 
Island,  New  York  Bay,  and  Hudson 
River.  (Second  edition.) 

Note.— The  volumes  of  the  Atlantic 
Local  Coast  Pilot  numbered  as 
Subdivisions  7 to  13  inclusive,  and 
enumerated  as  above,  appear  as 
separai  e parts  of  the  large  volume 
Atlantic  Coast  Pilot,  Division  B, 
Boston  to  New  York  (second 
edition),  and  like  that  volume  were 
compiled  and  prepared  for  publica- 
tion by  J.  S.  Bradford,  Assistant. 

95,  quarto. 

21 

1 vol..  Government  Printing 
Office,  1880. 

1882 

Atlantic  Local  Coast  Pilot.  Subdi- 
vision 14.  New  York  to  Delaware 
entrance.  (First  edition.) 

95,  quarto. 

' 

13  : 

1vol.,  Government  Printing 
Office,  1882. 

1883 

Atlantic  Local  Coast  Pilot.  Subdi- 
vision 15.  Delaware  Bay  and  tribu- 
taries. (First  edition.)  ' 

159,  quarto. 

11 

1 vol.,  Government  Printing 
Office,  1883. 

1883 

Pacific  Coast  Pilot.  Alaska.  Part  1. 
Coast  from  Dixon  entrance  to 
Yakutat  Bay,  with  the  inland 
passage. 

342 f quarto. 

53 

■ 

1 vol.,  Government  Printing 
Office,  1883. 

» 

1885 

Atlantic  Local  Coast  Pilot.  Subdi- 
vision 19.  Cup6  Henry  to  Winyah 
Bay,  and  inside  passages.  (First 
edition.) 

89,  quarto. 

21 

1 vol.,  Government  Printing 
Office,  1885. 

1885 

Atlantic  Local  Coast  Pilot.  Subdi- 
vision 20.  Winyah  Bay  to  Savan- 
nah, with  the  inland  passage  to 
Femandina.  (First  edition.) 

86,  quarto. 

17 

1 vol.,  Government  Printing 
Office,  1885. 

1886 

Atlantic  Local  Coast  Pilot.  Subdi- 
vision 13.  South  coast  of  Long 
Island,  New  York  Bay,  and  Hudson 
River.  (Third  edition.) 

99,  quarto. 

8 

1 vol..  Government  Printing 
Office,  1886. 

! 

1887 

Atlantic  Local  Coast  Pilot.  Subdi- 
vision 21.  Tybee  Roads  to  Jupiter 
Inlet.  (First  edition.) 

| 106,  quarto. 

11 

[ 1 vol.,  Government  Printing 
Office,  1887. 

1888 

Atlantic  Local  Coast  Pilot.  Subdi- 
visions 6-7.  Cape  Ann  to  Mono- 
moy. (Third  edition.) 

143,  quarto. 

9 

! 1 vol.,  Government  Printing 
Office,  1888. 
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Tear  of 
publi- 
cation. 

Title. 

Number  of  j 
pages 
and  size. 

Number 
of  charts, 
views, 

• etc. 

Mode  of  publication. 

1888 

United  States  Coast  Pilot.  Atlantic 
Coast.  PartlY.*  Long  Island  Sound, 
with  approaches  and  adjacent 
waters.  (First  edition.) 

155,  quarto. 

15 

1 vol.,  Government  Printing 
Office,  1888. 

1889 

United  States  Coast  Pilot.  Atlantic 
Coast.  Part  VI.  Chesapeake  Bay 
and  tributaries.  (First' edition.) 

135,  quarto. 

33 

1 vol.,  Government  Printing 
Office,  1889. 

1889 

Atlantic  Local  Coast  Pilot.  Subdi- 
vision 22.  Straits  of  Florida,  Jupi- 
ter Inlet  to  Dry  Tortugas.  (First 
edition.) 

95,  quarto. 

2 

1 vol.,  Government  Printing 
Office,  1889. 

1889 

Pacific  Coast.  Coast  Pilot  of  Cali- 
fornia, Oregon,  and  Washington, 
By  George  Davidson,  Assistant. 
(Fourth  edition.) 

721,  quarto. 

457 

1 vol.,  Government  Printing 
Office,  1889. 

Note.— At  the  date  at  which  this 
Catalogue  goes  to  press  there  has 
been  published  another  volume  of 
the  series  designated  as  the  “United 
States  Coast  Pilot,”  which  is  to 
appear  first  in  Parts,  and  later  in  a 
large  volume  intended  to  embrace 
the  Atlantic  coast  of  the  United 
States.  The  title  of  this  volume  is 
“United  States  Coast  Pilot.  At- 
lantic Coast.  Parts  I and  II.  From 
the  St.  Croix  River  to  Cape  Ann. 
(First  edition.)” 

* This  volume  takes  tlie  place  of  Subdivisions  10,  11,  and  12,  Atlantic  Local  Coast  Pilot,  and  of  pp. 
304-549  of  Division  B,  Atlantic  Coast  Pilot. 
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U.  S.  COAST  AND  GEODETIC  SURVEY^ 


Date  of  publica- 
tion. 

Title  of  catalogue. 

Number  of 

| No.  of 
maps 

1 

j 

Mode  of  publication. 

Cata- 

logue. 

Charts. 

pages 
and  size. 

and 

charts. 

1843 

1835-1842 

List  of  the  individual  maps 

executed  and  delivered. 

Note. — The  list  above 
named  is  published  also  in 
Report  No.  170,  designated 
as  Twenty-seventh  Con- 
gress, third  session,  Report 
No.  170,  House  of  Repre- 
sentatives. 

1,  octavo. 

8 

Twenty-seventh  Congress, 
third  session.  House  Report 
No.  43.  (Report  of  Select 
Committee  on  Coast  Survey.) 

1849 

1842-1849 

■ 

List  of  Coast  Survey  maps 
engraved. 

M' 

1,  octavo. 

33 

; Thirty-first  Congress  first  ses- 
sion. Senate  Ex.  Doc.  No.  5. 
(Report  of  Superintendent 
Coast  Survey  for  1849.  Ap- 
pendix No.  2,  bis.) 

1850 

1842-1850 

do 

1,  octavo. 

43 

1 

Thirty-first  Congress,  secoud 
session.  House  Ex.  Doc.  No. 
12.  (Report,  of  Superinten- 
dent Coast  Survey  for  1850. 
Appendix  No.  38.) 

1852 

1842-1851  | 

List  of  Coast  Survey  maps, 
sketches,  and  preliminary 
charts,  engraved. 

j 2,  octavo. 

78 

Thirty-second  Congress,’  first 
session.  Senate  Ex.  Doc.  No. 
3.  (Report  of  Superintend 
ent  Coast  Survey  for  1851. 
Appendix  No.  11.) 

1853 

1842-1852 

List  of  Coast'Survev  maps, 
sketches,  and  preliminary 
charts. 

2,  quarto. 

89 

Thirty-second  Congress,  sec* 
ond  session.  Executive  No’ 
64,  House  of  Representatives- 
(Report  of  Superintendent 
Coast  Survey  for  1852.  Ap- 
pendix 6.) 

1854 

1842-1853 

List  of  Coast  Survey  maps, 
sketches,  and  preliminary 
charts. 

2,  quarto. 

129 

Thirty-third  Congress,  first 
session,  Executive  14,  Sen- 
ate. (Report  of  Superintend- 
ent Coast  Survey  for  1853. 
Appendix  5.) 

1855 

1842-1854 

do 

3,  quarto. 

147 

Thirty-third  Congress,  second 
session,  Executive  20,  House 
of  Representatives.  (Report 
of  Superintendent  Coast  Sur 
vey  for  1854.  Appendix  31.) 

1856 

1842-1855 

do 

4,  quarto. 

192 

Thirty-fourth  Congress,  firs*1 
session,  Executive  6,  House 
of  Representatives.  (Report 
of  Superintendent  Coast  Sur- 
vey for  1855.  Appendix  36.) 

1856 

1842-1856 

List  of  Coast  Survey  maps, 
preliminary  charts,  and 
sketches,  engraved,  geo- 
graphically arranged. 

5,  quarto. 

221 

Thirty-fourth  Congress,  third 
session,  Executive  12,  Sen- 
ate. (Report  of  Superintend- 
ent Coast  Survey  for  1856. 
Appendix  19.) 
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Date  of  publica- 
tion. 

Title  of  catalogue. 

N umber  of 

No.  of 
maps 

Mode  of  publication. 

Cata- 

logue. 

Charts. 

pages 
and  size. 

and 

charts. 

1858 

1842-1857 

List  of  Coast  Survey  maps, 
preliminary  charts,  and  ' 
sketches,  engraved,  geo- 
graphically arranged. 

6,  quarto. 

240 

1 

Thirty-fifth  Congress,  first  ses- 
sion, Executive  33,  Senate. 
(Report  of  Superintendent 
Coast  Survey  for  1857.  Ap- 
pendix 22.) 

1859 

1842-1858 

do 

6,  quarto. 

260 

Thirty-fifth  Congress,  second 
session,  Executive  14,  Sen- 
ate. (Report  of  Superintend- 
ent Coast  Survey  for  1858. 
Appendix  19.) 

I860 

1842-1859 

do | 

6,  quarto. 

268  | 
1 

Thirty-sixth  Congress,  first 
session,  Executive  41,  House 
of  Representatives.  (Report 
of  Superintendent  Coast  Sur. 
vey  for  1859.  Appendix  17.^ 

1861 

1842-1860 

do 

6,  quarto.  j 

1 

i 

| 

278 

Thirty-sixth  Congress,  second 
session,  Executive  — , Sen- 
ate. (Report  of  Superintend- 
ent Coast  Survey  for  1860. 
Appendix  19.) 

1862 

1842-1861 

6,  quarto. 

! 

290 

Thirty-seventh  Congress,  sec- 
ond session,  Executive  — , 
Senate.  (Report  of  Superin- 
tendent Coast  Survey  for 
1861.  Appendix  12.) 

1863 

1846-1863 

Catalogue  of  hydrographic 
maps,  charts, and  sketches 
published  by  the  U.  S. 
Coast  Survey. — A.  D. 
Bache,  Superintendent, 
1863. 

17,  quarto. 

242 

Washington.  Government 
: Printing  Office.  1863. 

1 

L 

1866 

1846-1864 

Catalogue  of  hydrographic 
maps, charts, and  sketches 
published  by  the  U.  S. 
Coast  Survey. — A.  D. 
Bache,  Superintendent. 
1866. 

17,  quarto. 

242 

Washington.  Government 
Printing  Office. 

1867 

i 

1846-1867 

Same. — Benjamin  Peirce, 

Superintendent.  1867. 

18,  quarto. 

276 

Do. 

1872 

1846-1872 

Same.— Benjamin  Peirce, 
Superintendent.  1872. 

20,  quarto. 

278 

Do. 

1875 

1851-1875 

U.  S.Coast  Survey.— Carlile 
P.  Patterson.  Superin- 
tendent. Catalogue  of 
charts.  1875. 

28,  quarto. 

299 

Do. 

1877 

1851-1877 

Catalogue  of  charts  of  the 
U.  S.  CoastSurvey,  1877. — 
Carlile  P.  Patterson,  Su- 
perintendent. 

29,  quarto. 

325 

Do. 

1880 

1846-1880 

U.  S.  Coast  and  Geodetic 
Survey.  Catalogue  of 
charts,  1880. — Carlile  P. 
Patterson,  Superintend- 
ent. 

45,  quarto. 

409 

Washington.  Government 
Printing  Office. 

1883 

1846-1883 

U.  S.  Coast  and  Geodetic 
Survey.  Catalogue  of 
charts,  1883. — J.  E.  Hil- 
1 gard,  Superintendent. 

64,  quarto. 

389 

Do. 

1884 

1846-1884 

U.  S.  Coast  and  Geodetio 
! Survey.  Catalogue  of 
j charts,  1884.— J.  E.  Hil- 
| gard,  Superintendent. 

68,  quarto. 

384 

Do. 

1886 

1846-1886 

.'  U.  S.  Coast  and  Geodetic 
I Survey.  Catalogue  of 
charts,  1886.—  F.M.Thorn, 

1 Superintendent. 

| 72,  quarto. 

395 

Do. 
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Catalogues  of  Maps  and  Charts , etc. — Continued. 

U.  5.  COAST  AND  GEODETIC  SURVEY— Continued. 


Date  of  publica- 
tion. 

Title  of  catalogue. 

Number  of 
pages 
and  size. 

No.  of 
maps 

Mode  of  publication. 

Cata- 

logue. 

Charts. 

and 

charts. 

1887 

1846-1887 

U.  S.  Coast  and  Geodetic 
Survey.  Catalogue  of 
charts  and  other  publica- 
tions, 1887.— F.  M. Thorn, 
Superintendent. 

140,  quarto.  | 

458 

Washington.  Government 
Printing  Office. 

1890 

1846-1890 

U.  S.  Coast  and  Geodetic 
Survey.  Catalogue  of 
charts  and  other  publica- 
tions, 1890.— T.C.  Menden- 
hall, Superintendent. 

156,  quarto. 

476 

Do. 

Note.— A catalogue  of  charts  for  1892  is  in  press  at  the  date  of  compilation  of  this  appendix. 

H.  Ex.  43,  pt.  2—30 


VII 


NOTICES  TO  MARINERS  FROM  THE  DATE  OF  EARLIEST  PUBLICATION 
BY  THE  COAST  SURVEY  TO  THE  YEAR  1890. 

This  list  begins  with  the  earliest  separate  publication  of  thelse  notices 
on  file  in  the  Coast  and  Geodetic  Survey  Office.  The  annual  reports 
previous  to  1869  contain  many  such  notices  in  the  form  of  communica- 
tions from  the  Superintendent  to  the  Secretary  of  the  Treasury,  with 
requests  that  authority  be  given  to  publish  for  the  benefit  of  mariners. 
The  separate  publications  of  these  notices  since  1869  are  for  special 
distribution,  and  are  supplementary  to  the  publication  formerly  made 
and  still  continued  in  the  leading  commercial  and  nautical  jouruals. 
For  general  lists  of  discoveries  and  developments  see  the  Reports  from 
1850  to  1864,  inclusive. 

U.  S.  COAST  AND  GEODETIC  SURVEY. 


Num- 

ber. 

Date 
of  notice. 

Title. 

1869,'  July  12 

Notice  to  Mariners.  Pacific  Coast.  Shoal  off  Cape  Reyes,  California. 

1872,  Jan,  22 

Notice  to  Mariners.  Atlantic  Coast.  East  coast  of  Florida.  St.  Lucie  Shoal. 

1874,  June  20 

Notice  to  Mariners.  Northwest  coast  of  America.  Aleutian  Islands. 

1871,  Oct.  10 

Notice  to  Mariners.  Atlantic  Coast.  Long  Island  Sound. 

1 

1875,  Jan.  14 

Notice  to  Mariners,  No.  1.  Atlantic  Coast.  Sailing  directions  for  St.  Augus- 
tine Harbor. 

2 

1875,  Jan.  26 

Notice  to  Mariners,  No.  2.  Pacific  Coast.  Sailing  directions  for  Macks  Shel- 
ter, Oregon. 

3 

1875,  Feb.  10 

Notice  to  Mariners,  No.  3.  Pacific  Coast.  Sunken  iock  off  the  boundary  of 
California  and  Oregon. 

4 

1875,  May  4 

Notice  to  Mariners,  No.  4.  Pacific  Coast.  Additional  peaks,  Noonday  Rock, 
entrance  to  San  Francisco  Bay,  California. 

5 

18  75,  May  7 

Notice  to  Mariners,  No.  5.  Pacific  Coast.  Sunken  rock  off  Cape  Mendocino, 
California. 

6 

1875,  May  20 

Notice  to  Mariners,  No.  6.  Pacific  Coast.  Sunken  Rocks.  San  Luis  Obispo 
Bay,  California. 

7 

1875,  July  24 

Notice  to  Mariners,  No.  7.  Pacific  Coast.  Shoal  near  South  Farallon. 

8 

1875,  Sept.  4 

Notice  to  Mariners,  No.  8.  Pacific  Coast.  Dangerous  shoal  in  the  northern 
approach  to  San  Miguel  Passage. 

9 ; 

1875,  Sept.  20 

Notice  to  Mariners,  No.  9.  Atlantic  Coast.  Approaches  to  Chesapeake  Bay. 
Wreck  12  miles  to  the  southw  ard  and  eastward  of  Cape  Henry. 

■ 10 

1875,  Nov.  4 

Notice  to  Mariners,  No.  10.  Atlantic  Coast.  Ledge  in  Delaware  River. 

11  1 

1876,  Feb.  8 

Notice  to  Mariners,  No.  11.  Gulf  of  Mexico.  Positions  of  wrecks  at  the  en- 
trance of  Pensacola  Bay,  Florida. 

12 

1877,  May  16 

Notice  to  Mariners.  No.  12.  Atlantic  Coast.  Chesapeake  Bay.  Wreck  off 
New  Point  Comfort,  Virginia. 

13 

1877,  Dec.  15 

Notice  to  Mariners,  No.  13.  Atlantic  Coast.  Wreck  off  Currituck  Beach, 
North  Carolina- 

14 

1877,  Dec.  21 

Notice  to  Mariners,  No.  14.  Gulf  of  Mexico.  Observations  upon  northers 
and  southeast  gales. 

.15 

1878,  Mar.  7 

Notice  to  Mariners,  No.  15.  Gulf  of  Maine.  Tidal  currents  at  entrance. 

15 

1878,  June  15 

Notice  to  Mariners,  No.  15.  Gulf  of  Maine.  Tidal  currents  at  entrance.  [Sec- 
ond edition.] 

16 

1878,  May  9 

Notice  to  Mariners,  No.  16.  Atlantic  Coast.  Florida  Reefs.  Disappearance 
of  a beacon. 

17 

1878,  July  16 

Notice  to  Mariners,  No.  17.  Atlantic  Coast.  Nantucket  Sound.  Wreck  in 
Hyanuis  Harbor. 

18 

| 1879,  June  27 

Notice  to  Mariners,  No.  18.  Pacific  Coast.  Depth  of  water  over  the  bar  at 
eu  ranee  of  Wilmington  Haibor,  California. 

19 

1879,  June  27 

Notice  lo  Mariners,  No.  19.  Coast  of  Alaska.  Location  of  Keen  Rock  in  the 
middle  passage  to  Sitka  Harbor,  Alaska. 

4G6 

m- 

>r. 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 
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riners  from  the  date  of  earliest  publication,  etc. — Continued. 

U.  S.  COAST  AND  GEODETIC  SURVEY. 


Title. 


Notice  to  Mariners,  No.  20.  Atlantic  Coast.  Closing  of  Neiw  Inlet,  mouth  of 
Cape  Fear  River,  North  Carolina. 

Notice  to  Mariners,  No.  21.  Atlantic  Coast.  Increased  depth  of  water  at  en- 
trance of  Cape  Fear  River,  North  Carolina. 

Notice  to  Marin&rs,  No.  22.  Atlantic  Coast.  Sunken  wreck  in  the  track  of 
vessels  running  along  the  New  Jersey  coast. 

Notice  to  Mariners,  No.  23.  Atlantic  Coast.  Development  of  Johnsons  Rock, 
Casco  Bay,  Maine. 

Notice  to  Mariners,  No.  24.  Atlantic  Coast.  Dangerous  rock  near  Isle  of 
Wight  Shoal,  coast  of  Maryland. 

Notice  to  Mariners,  No.  25.  Atlantic  Coast.  Development  of  Schuylers  Ledge, 
off  Sakonnet  Point,  Rhode  Island. 

Notice  to  Mariners,  No.  26.  Pacific  Coast.  Development  of  dangerous  rocks 
near  Fort  Ross,  California. 

Notice  to  Mariners,  No.  27.  Atlantic  Coast.  Sunken  wreck  in  entrance  to 
Rappahannock  River,  Virginia. 

Notice  to  Mariners,  No.  28.  Atlantic  Coast.  Improvements  of  rivers  and 
harbors  on  the  coasts  of  Maine  and  Massachusetts,  under  the  direction  of 
Gen.  George  Thom,  Engineer  Corps,  U.  S.  Army. 

Notice  to  Mariners,  No.  29.  Atlantic  Coast.  Connecticut.  Breakwater  in 
process  of  construction  to  the  westward  of  Bartletts  Reef,  Fishers  Island 
Sound. 

Notice  to  Mariners,  No.  30.  Atlantic  Coast.  Sunken  wreck  off  the  east  coast 
of  Florida. 

Notice  to  Mariners,  No.  31 . Pacific  Coast.  Reported  dangers  in  the  approaches 
to  St.  Paul  Harbor,  Kadiak  Island,  A laska. 

Notice  to  Mariners,  No.  32.  Atlantic  Coast.  New  shoal.  Frying-Pan  Shoals, 
off  Cape  Fear,  North  Carolina.  ’ \ 

Notice  to  Mariners,  No.  33  Atlantic  Coast.  Development  of  Fiske  Rock, 
Narragansett  Bay,  Rhode  Island. 

Notice  to  Mariners,  No.  34.  Atlantic  Coast.  Dangerous  rock  in  eastern  en- 
trance to  Fishers  Island  Sound. 

Note. — The  greater  number  of  the  above-named  notices  are  printed  some- 
what as  handbills,  in  large  type  for  easy  reading,  and  occupy  about  one  page 

quarto. 

Notice  to  Mariners,  No.  35.  Atlantic  Coast.  Dangerous  rocks  in  western  part 
of  Fishers  Island  Sound.  Approaches  to  New  London  and  Mystic  Harbors. 

Notice  to  Mariners,  No.  36.  Atlantic  Coast.  Sunken  wreck  in  the  track  of 
vessels  along  the  New  Jersey  coast. 

Notice  to  Mariners,  No.  37.  Atlantic  Coastt  Wreck  in  the  track  of  vessels 
along  the  east  coast  of  Florida. 

Notice  to  Mariners,  No.  38.  Pacific  Coast.  Discovery  of  a rock  in  Surge  (or 
Southern)  Narrows,  Peril  Strait,  southeast  Alaska. 

Notice  to  Mariners,  No.  39.  Atlantic  Coast.  Wreck  in  the  track  of  coasting 
vessels  off  New  Jersey. 

Notice  to  Mariners,  No.  40.  Atlantic  Coast.  Dangerous  rock  off  Warrens 
Point,  Rhode  Island. 

Notice  to  Mariners,  No.  41.  Atlantic  Coast  Dangerous  rocks  recently  re- 
ported on  the  coast  of  Maine,  near  Muscongus  and  Booth  Bays.  Wreck  off 
Tarpaulin  Cove,  Vineyard  Sound. 

Notice  to  Mariners,  No.  42.  Atlantic  Coast.  Rock  reported  in  Eggemoggin 
Reach,  Maine.  Rocks  in  East  River,  New  York,  near  North  Brother  and 
Hikers  Islands. 

Notice  to  Mariners,  No.  43.  Atlantic  Coast.  Dangerous  shoals  off  Cape  Hen- 
lopen,  Delaware. 

Notice  to  Mariners,  No.  44.  Atlantic  Coast.  Wreck  in  Potomac  River,  near 
Blackistone  Island. 

Notice  to  Mariners,  No.  45.  Atlantic  Coast.  Dangerous  shoals  in  Monomoy 
Passage. 

Notice  to  Mariners,  No.  46.  Pacific  Coast.  Notes  on  dangers  in  Neva  and 
Peril  Straits  and  anchorages- in  Fish  Bay,  Southeast  Alaska. 

Notice  to  Mariners,  No.  47.  Atlantic  Coast.  Dangerous  ledges  in  Fishers 
Island  Sound. 
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Notices  to  Mariners  from  the  dale  of  the  earliest  publication,  etc. — Continued. 

U.  S.  COAST  AND  GEODETIC  SURVEY-gontinued. 


Num- 

ber. 

Date 
of  notice. 

Title. 

48 

1884,  May  31 

Notice  to  Mariners,  No.  48.  Atlantic  Coast.  Dangerous  rock  in  East  River, 
New  York. 

49 

1884,  June  1 

Notice  to  Mariners,  No.  49.  Atlantic  Coast.  Dangerous  ledge  in  Englishmans 
Bay,  coast  of  Maine. 

50 

1884,  June  10 

Notice  to  Mariners,  No.  50.  Atlantic  Cpast.  Development  of  ledges  off  Minots 
Ledge  Lighthouse,  Massachusetts  Bay. 

51 

1884,  June  30 

Notice  to  Mariners,  No.  51.  Atlantic  Coast.  Important  changes  at  and  near 
Cape  Henlopen. 

52 

1884,  Aug.  11 

Notice  to  Mariners,  No.  52.  Atlantic  Coast.  Dangerous  rock  in  East  River, 
New  York. 

53 

1884,  Sept,  15 

Notice  to  Mariners,  No.  53.  Changes  in  the  pilotage  laws  of  the  port  of  New 
York. 

54 

1884,  Oct.  7 

Notice  to  Mariners,  No.  54.  Atlantic  Coast.  Rocks  recently  reported  on  the 
coast  of  New  England. 

55 

1884,  Nov.  1 

Notice  to  Mariners,  No.  55.  Atlantic  Coast.  I.  Dangerous  ledges  developed 
in  the  resurvey  of  Long  Island  Sound.  II.  Ledge  near  Seal  Rock,  Rhode 
Island. 

56 

1884,  Nov.  15 

Notice  to  Mariners,  No.  56.  Atlantic  Coast.  Shoal  developed  in  Vineyard 
Sound. 

57 

1884,  Nov.  15 

Notice  to  Mariners,  No.  57.  Pacific  Coast.  Discovery  of  a rock  in  Security 
Bay,  Kuin  Island,  Chatham  Strait,  Alaska. 

58 

1885,  Feb.  10 

Notice  to  Mariners,  No.  58.  Atlantic  Coast.  I.  Development  of  shoals  in  Nar- 
ragansett  Bay,  Rhode  Island,  and  Block  Island  Sound.  II.  Development  of 
Sabine  Bank,'  off  Sabine  Pass,  Gulf  of  Mexico. 

59 

1885,  Mar.  23 

Notice  to  Mariners,  No.  59.  Atlantic  Coast.  Changes  in  main  ship-channel, 
Vineyard  Sound. 

CO 

1885,  Mar.  23 

Notice  to  Manners,  No.  60.  Pacific  Coast.  Sailing  directions  for  Wrangell 
Strait,  Alaska. 

61 

1885,  June  12 

Notice  to  Mariners,  No.  61.  Pacific  Coast.  Sailing  directions  for  inland  pas- 
sage between  Sitka  Harbor  and  Hooniah  Sound,  through  Olga  Strait,  Neva 
Strait,  and  Peril  Straits,  Alaska. 

62  j 

1885,  July  1 

Notice  to  Mariners,  No.  62.  Gulf  of  Mexico.  Shoal  developed  near  Marquesas 
Keys,  Florida. 

63 

1885,  Aug.  24 

Notice  to  Mariners,  No.  63.  Atlantic  Coast.  Ledges  developed  in  the  resur- 
vey of  Long  Island  Sound. 

64  j 

1885,  Oct.  6 

Notice  to  Mariners,  No.  64.  Atlantic  Coast.  Dangerous  rock  developed  in  the 
resurvey  of  East  River,  New  York. 

65  ! 

1885,  Oct.  12 

Notice  to  Mariners,  No.  65.  Atlantic  Coast.  Dangers  developed  in  the  resur- 
vey of  East  River,  New  York. 

66 

1885,  Oct.  21 

Notice  to  Mariners,  No.  60.  Atlantic  Coast.  Development  of  bar  between 
Thatchers  Island  and  Milk  Island,  Massachusetts. 

67 

1885,  Oct.  21 

Notice  to  Mariners,  No.  67.  Atlantic  Coast.  Ledge  developed  in  Boston  Bay, 
Massachusetts. 

68 

1885,  Nov.  20  ! 

j 

Notice  to  Mariners,  No.  68.  Atlantic  Coast.  Dangers  developed  in  the  resur- 
vey of  East  River,  New  York. 

69 

1885,  Nov.  20  j 

Notice  to  Mariners,  No.  69.  Atlantic  Coast.  Important  changes  in  Monomoy 

Passage,  Massachusetts. 

70 

1885,  Nov.  30 

Notice  to  Mariners,  No.  70.  Atlantic  Coast.  Ledge  developed  in  Fishers 
Island  Sound,  Connecticut. 

71 

1885,  Dec.  7 | 

Notice  to  Mariners,  No.  71.  Atlantic  Coast.  Examination  of  dangers  reported 
on  the  coast  of  Maine. 

72 

1886,  Mar.  31 

Notice  to  Mariners,  No.  72.*  Coast  of  the  United  States.  Chart  corrections 
during  the  quarter  ending  March  31,  1886. 

73 

1886,  May  12  j 

Notice  to  Mariners,  No.  73.  Dangerous  wreck  on  Charleston  Bar. 

74  ; 

1886,  May  21  | 

Notice  to  Mariners,  No.  74.  Atlantic  Coast.  Dangerous  wreck  on  Charleston 
Bar.  (Addition  to  Notice  to  Mariners,  No.  73.) 

75 

1886,  May  3l 

Notice  to  Mariners,  No.  75.  Atlantic  Coast.  Danger  developed  in  the  resur- 
vey of  East  River,  New  York. 

76 

1886,  June  30  ! 

Notice  to  Mariners,  No.  76.  Coast  of  the  United  States.  Chart  corrections 
during  the  quarter  ending  June  30, 1886. 

77 

1886,  Sept.  30  | 
1 

Notice  to  Mariners,  No.  77.  Coast  of  the  United  States.  Chart  corrections 
during  the  quarter  ending  September  30, 1886. 

* Note. — This  was  the  first  number  of  the  quarterly  series  of  these  notices,  the  publication  of 
which  was  recommended  by  the  Hydrographic  Inspector, 


Num- 

ber. 

78 

79 

80 

81 

82 

83 

84 

«5 

8G 

87 

88 

89 

89-92 

93 

94 

95-96 

97 

98-109 

110-113 

114 

115-117 

118 

119-123 

124-135 

136 
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rinersjrom  the  date  of  the  earliest  publication,  etc. — 'Continued, 
r.  s.  COAST  AND  GEODETIC  SURVEY— Continued. 


Title. 


Notice  to  Mariners,  No.  78.  Atlantic  Coast.  Velocity  and  direction  of  the 
Gulf  Stream  between  Fowey  Rocks,  Florida,  and  Gun  Cay,  Bahamas. 

Notice  to  Mariners,  No.  79.  Atlantic  Coast.  Development  of  shoals  off  False 
Cape,  Virginia: 

Notice  to  Mariners,  No.  80.  Atlantic  Coast.  Ledges  developed  in  the  resur- 
vey of  Long  Island  Sound. 

Notice  to  Mariners,  No.  81.  Coast  of  the  United  States.  Correction  of  ar. 
error  in  Notice  to  Mariners,  No.  77. 

Notice  to  Mariners,  No.  82.  Atlantic  Coast.  Ledge  developed  in  East  River, 
New  York. 

Notice  to  Mariners,  No.  83.  Coast  of  the  United  States.  Chart  corrections 
during  the  quarter  ending  December  31,  1886. 

Notice  to  Mariners,  No.  84.  Atlantic  Coast.  Obstruction  to  navigation  in 
the  Gulf  Stream. 

Notice  to  Mariners,  No.  85.  Coast  of  the  United  States.  Chart  corrections 
during  the  quarter  ending  March  31,  1887. 

Notice  to  Mariners,  No.  86.  Atlantic  Coast.  Dangerous  sunken  wreck  in 
Long  Island  Sound. 

Notice  to  Mariners,  No.  87.  Atlantic  Coast.  Shoal  spot  on  rocky  ledge  off 
Eatons  Point,  Long  Island  Sound,  New  York. 

Notice  to  Mariners,  No.  88.  Coast  of  the  United  States.  Chart  corrections 
during  the  quarter  ending  J une  30,  1887. 

Notice  to  Mariners,  No.  89.  Coast  of  the  United  States.  Chart  corrections 
during  the  month  of  July,  1887. 

Note. — With  this  number  was  begun  the  monthly  series  of  these  notices, 
as  follows : 

Nos.  89  to  92,  inclusive.  Chart  corrections  for  the  months  of  July,  August,  Sep- 
tember, and  October,  1887. 

Notice  to  Mariners  (1887),  No.  93.  Atlantic  Coast.  Dangerous  rock  in  Vine- 
yard Sound,  Massachusetts. 

Notice  to  Mariners  (1887),  No.  94.  Coast  of  the  United  States.  Gulf  Stream 
currents. 

Nos.  95  and  96.  Chart  corrections  for  the  months  of  November  and  Decem- 
ber, 1887. 

Index  to  U.  S.  Coast  and  Geodetic  Survey  Notices  to  Mariners  (Nos.  1 to  96). 

Notice  to  Mariners,  No.  97.  Coast  of  the  United  States.  Coast  currents  ap- 
proaching Sandy  Hook. 

Nos.  98  to  109,  inclusive.  Chart  corrections  for  the  months  of  January,  Febru- 
ary, March,  April,  May,  June,  July,  August,  September,  October,  Novem- 
ber, and  December,  1888. 

Index  to  U.  S.  Coast  and  Geodetic  Survey  Notices  to  Mariners  published  dur- 
ing 1888  (Nos.  97  to  109). 

U.  S.  Coast  and  Geodetic  Survey.  Index  to  chart  corrections.  January  1 to 
December  31,  1888. 

Nos.  110  to  113,  inclusive.  Chart  corrections  for  the  mouths  of  January,  Feb- 
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THE  TRANSIT  OF  MERCURY  OF  MAY  9,  1881,  AS  OBSERVED  AT  WAIKIKI, 

HAWAIIAN  ISLANDS. 


A report  by  E.  D.  Preston,  Assistant. 
Submitted  for  publication  September  8,  1891. 


PREFATORY  NOTE. 

Assistant  E.  D.  Preston,  Raving  been  detailed  for  duty  in  observing 
the  variations  of  latitude  in  cooperation  with  Dr.  Marcuse,  represent- 
ing the  International  Geodetic  Association,  and  having  been  directed 
to  occupy  stations  on  the  Hawaiian  Islands,  advantage  was  taken  of 
his  expected  arrival  at  Honolulu,  Island  of  Oahu,  early  in  May,  1891, 
to  obtain  observations  of  the  transit  of  Mercury  on  the  9th  of  that 
month. 

REPORT. 

The  observations  of  the  transit  of  Mercury  in  the  Hawaiian  Islands 
on  May  9,  1891,  were  made  possible  by  the  kind  cooperation  of  tbe 
Hawaiian  Government  Survey.  When,  about  April  15,  it  appeared 
probable  that  we  would  only  arrive  at  Honolulu  the  day  preceding  the 
transit,  I immediately  wrote  to  Prof.  Alexander,  the  Surveyor-general, 
asking  that  a chronometer  might  be  rated  for  the  occasion.  This  was 
done  by  Mr.  0.  J.  Lyons.  The  mail  steamer  Monowai  arrived  in  port 
at  1 p.  m.  of  May  8.  Our  chronometers  were  immediately  uncorked 
and  started,  and  then  compared  with  the  standard  clock  in  the  office 
of  the  Hawaiian  Survey. 

During  the  afternoon  several  places  were  visited  in  search  of  a suit- 
able site  for  the  observations.  An  approximate  computation  revealed 
the  fact  that  the  last  contact  would  occur  only  a very  few  minutes 
before  sundown,  so  that  it  was  necessary  to  observe  from  a spot  giving 
a perfectly  clear  horizon  to  the  west-northwest.  This  point  was  found 
at  Waikiki,  a place  about  3 miles  southeast  of  Honolulu  and  about 

475 


476  U.  S.  COAST  AND  GEODETIC  SURVEY. 

midway  between  the  two  beautiful  craters  of  Diamond  Head  (Leahi) 
.and  the  Punch  Bowl  (Puowaiua).  The  latitude  and  longitude  of  the 
station  are  : 

cp=  21°  10'  21"  North. 

A=  157°  49'  40"  West. 

We  left  Honolulu  about  10  a.  m.  of  May  9.  Arriving- at  Waikiki,  the 
instruments  were  set  up  ami  adjusted  in  the  yard  of  the  Johnson  villa, 
within  a few  feet  of  the  church,  which  is  a triangulation  point  of  the 
Government  survey.  The  day  was  only  partially  clear.  Light  banks 
of  cumulus  clouds  drifted  at  intervals  down  from  the  mountains,  borne 
across  by  the  trade  winds  which  blow  constantly  at  this  season.  The 
sun  was  entirely  obscured  during  the  first  external  contact  and  for 
several  minutes  thereafter.  Before  the  first  internal  contact  the  clouds 
passed  away  and  disclosed  a perfectly  clear  image  of  the  sun,  with  the 
planet  almost  completely  inside  the  disc.  The  second  contact  was  very 
satisfactorily  observed.  There  was  no  appearance  ,of  the  black  liga- 
ment sometimes  seen  at  the  moment  of  separation.  At  the  time  of 
third  contact  (second  interior)  the  sun  was  within  a couple  of  degrees 
of  the  horizon.  The  image  of  the  limb  was  of  course  quite  unsteady. 
The  phenomenon,  commonly  called  “boiling,”  was  very  perceptible, 
but  the  bounding  line  of  the  disc  was  not  hard  to  make  out  and  the 
observation  was  tolerably  good.  The  progress  of  Mercury  was  now 
followed  with  the  eye  for  three  minutes,  when  it  was  lost  in  the  ser- 
rated and  continually  changing  limb  of  the  sun.  At  least  two  minutes 
before  the  time  of  last  contact  the  form  of  the  planet  was  utterly  in- 
distinguishable with  my  telescope.  The  times  noted  by  mean  time 
chronometer,  Bond  <&  Sons,  No.  177,  for  the  two  contacts,  were — 

Second  contact.  Third  contact. 

Ill  27“  20s  6b  11“  209 

This  chronometer  was  compared  with  the  standard  clock  (Molyneux) 
at  the  Survey  Office  at  9 a.  m.  and  at  8*30  p.  m.  of  May  9.  It  was  also 
compared  the  day  before  and  for  several  days  afterwards.  These 
comparisons  show  that  the  trips  to  Waikiki  had  no  significant  influ- 
ence on  the  rate.  Applying  to  the  observed  times,  the  corrections  to 
reduce  Bond  to  Molyneux  and  those  to  reduce  Molyneux  to  Honolulu 
mean  time,  we  get  for  the  times  of  contact  as  follows: 


Second  contact. 

• I 

Third  contact.  | 

Honolulu  mean  time, 
Correction  for  longitude, 
Waikiki  mean  time, 
Observation  by  Mr.  Lyons, 
Observation  by  Dr.  Marcuse, 

h m s 
I 26  45 
8 

i 26  53 
1 26  32 

1 27  3 

h in  s 
6 10  42 

8 

6 10  50 

6 11  22 

REPORT  FOR  1891 PART  II. 


477 


Observations  of  the  Transit  of  Mercury,  May  9,  1891 — Continued. 

My  telescope  had  an  aperture  of  3^  inches,  and  the  diagonal  eye- 
piece used  gives  a magnifying  power  of  about  100.  The  time  as  given 
by  the  standard  clock  depends  on  observations  of  both  limbs  of  the  sun 
in  one  position  of  the  meridian  telescope  of  the  Government  Observatory. 

The  transit  of  Mercury  was  observed  to  the  nearest  second  of  time. 
In  order  to  test  whether  the  corrections  depending  on  the  instru- 
mental constants  amounted  to  as  much  as  half  a second,  star  observa- 
tions were  made  on  a night  preceding  and  following  a solar  determi- 
nation in  the  usual  way.  The  corrections  to  Molyneux  are  generally 
determined  but  once  a week,  which  is  quite  sufficient  for  the  require- 
ments of  the  regular  time  service.  From  the  star  observations  the 
following  corrections  were  deduced  for  the  time  as  given  by  the  sun  on 
May  9 when  the  circle  was  west: 

Correction  to  observed  t: 


The  level  correction  was  always  taken  account  of  in  the  solar  observa- 
tions, so  that  the  outstanding  sources  of  error  give  a correction  of 
— 0e,8  to  the  regular  time  determinations.  This  has  been  applied  to 
the  times  given  above. 

It  may  be  mentioned  as  a matter  of  interest  that  the  meridian 
telescope  has  not  been  adjusted  since  it  was  set  up  by  myself  in 
August,  1887,  and  that  during  the  nearly  four  years  intervening 
between  then  and  now  the  azimuth  has  changed  less  than  3s,  the  level 
less  than  2s,  and  the  collimation  not  more  than  Is.  Considering  the 
size. of  the  instrument  and  the  high  temperature  to  which  it  has  been 
subjected  in  the  daytime  during  this  long  period,  this  shows  a remark- 
able stability  in  the  pier. 


s 


For  azimuth, 
For  level, 

For  collimation, 
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ON  OBSERVATIONS  FOR  THE  VARIATIONS  OF  LATITUDE  MADE  NEAR 
HONOLULU,  OAHU,  HAWAIIAN  ISLANDS,  IN  COOPERATION  WITH  THE 
WORK  OF  THE  INTERNATIONAL  GEODETIC  ASSOCIATION,  AND  ON  DE- 
TERMINATIONS OF  GRAVITY  AND  THE  MAGNETIC  ELEMENTS. 


A preliminary  report  by  E.  D.  Preston,  Assistant. 
Submitted  for  publication  January  17,  1893. 


This  preliminary  report  will  include  notices  of — 

I.  The  international  latitude  observations  from  June  6,  1891,  to  June  25,  1892. 

II.  The  measurements  of  the  force  of  gravity  on  Oahu  and  Hawaii  from  June  9, 

1891,  to  July  25,  1892. 

III.  The  determination  of  the  magnetic  elements  made  at  intervals  from  August  11, 

1891,  to  September  9,  1892. 

IV.  Meteorological  observations,  including  barometric  determination  of  heights  of 

Mauna  Kea,  from  July  1,  1892,  to  July  27,  1892. 

I. — Observations  for  the  variations  of  latitude. 

The  following  are  the  circumstances  that  led  to  this  work : Some  lat- 
itude observations  made  in  Germany,  at  Berlin  and  Potsdam,  and  at 
Prague  in  Bohemia,  showed  a progressive  yearly  change  in  the  results. 
As  the  motion  was  in  the  same  direction  for  all  three  places,  it  became 
desirable  to  make  a further  study  of  the  movement  by  observing  at  sta- 
tions differing  greatly  in  longitude;  for  if  there  had  been  a real  motion 
of  the  pole,  the  effect  on  terrestrial  latitudes  would  be  in  opposite  direc- 
tions on  different  sides  of  the  earth.  In  order,  therefore,  to  bring  out 
the  law  of  change  most  advantageously  the  International  Geodetic  As- 
sociation took  the  matter  up  and  proposed  to  send  an  observer  to  the 
Hawaiian  Islands  to  make  latitude  determinations  simultaneously  with 
those  executed  in  Europe.  The  difference  of  longitude  of  Berlin  and 
Honolulu  is  llh  25m.  The  United  States  Government  was  asked  to 
cooperate  in  order  that  the  result  of  work,  whatever  it  might  be,  should 
be  checked  independently  by  another  observer  and  another  instrument. 
This  led  to  my  assignment  by  the  Superintendent  of  the  Coast  and  Ge- 
odetic Survey,  with  instructions  for  some  additional  gravity,  latitude, 
and  magnetic  observations  during  my  stay  in  the  islands. 
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I left  Washington  on  April  18,  1891,  in  company  with  Dr.  Marcuse, 
the  European  representative  of  the  International  Geodetic  Association, 
arriving  at  Honolulu  on  the  8th  of  May,  in  the  afternoon.  Having 
been  directed  by  the  Superintendent  to  observe  the  Transit  of  Mercury, 
which  took  place  on  the  9th,  provided  we  should  arrive  in  time,  the  in- 
struments were  passed  through  the  custom-house  on  the  day  of  landing; 
the  same  evening  the  station  was  selected  at  Waikiki,  3 miles  south- 
east of  Honolulu,  and  the  transit  was  successfully  observed  the  follow- 
ing day.*  Our  next  occupation  was  to  choose  a permanent  site  for  the 
astronomical  work.  After  several  disappointments,  the  observatories 
were  finally  located  on  the  property  of  Mr.  J.  F.  Brown,  of  the  Govern- 
ment Survey,  who  generously  gave  the  use  of  the  ground  during  the 
year. 

Waikiki  was  preferred  in  order  to  avoid  the  clouds  of  Honolulu,  as 
my  experience  there  in  1883  and  1887  showed  that  place  to  be  very 
unfavorable  for  continuous  star  observations.  There  were  numerous 
unavoidable  delays  in  getting  material  and  workmen,  and,  as  the  pro- 
gramme was  to  begin  work  as  soon  after  May  15  as  possible,  it  was 
decided  to  concentrate  all  the  force  on  one  building  and  let  one  observer 
begin  immediately.  As  I had  several  more  instruments  to  set  up  than 
my  colleague,  it  was  deemed  advisable  for  him  to  begin  first;  so  that 
my  observatory  was  not  finished  until  five  days  after  his.  He  began 
observations  on  June  1;  my  first  ones  were  made  on  June  6.  From 
this  date  on,  the  plan  of  work  adopted  was  continuously  carried  out. 
Latitude  observations  were  made  in  connection  with  Dr.  Marcuse. 
Time  was  determined  for  the  gravity  work  in  the  intervals  between 
pairs  of  stars,  and  the  pendulum  was  swung  during  the  entire  evening, 
concidences  being  noted  at  the  beginning  and  end  of  the  night’s  work, 
and  whenever  opportunity  offered  during  the  latitude  and  time  observa- 
tions. This  gives  a determination  of  gravity  corresponding  to  each 
latitude  determination,  and  will  help  to  decide  the  question  whether 
the  change  of  latitude  comes  from  a real  motion  of  the  pole  or  from 
transfers  of  large  bodies  of  matter  under  the  surface  of  the  earth. 

From  June  6,  1891,  to  June  25,  1892,  there  were  made  2 434  determi- 
nations of  latitude;  observations  being  made  on  220  nights,  as  follows: 


Nights. 

Latitudes. 

Nights. 

Latitudes. 

1891 

Tune, 

20 

212 

1892 

January, 

18 

195 

July, 

14 

156 

February, 

19 

267 

August, 

20 

254 

March, 

18 

215 

September, 

1 1 

G5 

April, 

16 

122 

October, 

1 1 

124 

M ay, 

23 

219 

November, 

15 

169 

June, 

16 

127 

December, 

19 

219 

220 

2 434 

* See  a report  of  these  observations  in  Appendix  No.  12,  1891. 
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II.— Gravity  determinations. 

Before  leaving  for  Honolulu  I suggested  to  the  Superintendent  the 
feasibility  of  making  continuous  observations  for  the  force  of  gravity. 
This  was  possible  without  increasing  the  expense  of  the  work,  and 
such  observations  were  made  at  Waikiki  every  night  that  latitudes 
were  observed.  We  thus  have  a series  of  nearly  200  nights  of  gravity 
determinations  extending  throughout  the  year.  Time  stars  were 
observed  before  the  first  coincidence  and  after  the  last  one,  and  as 
many  observations  as  possible  were  made  on  the  pendulum  at  intervals 
between  the  latitude  pairs,  so  that  in  all  there  are  not  far  from  1 000 
measures  of  the  force  of  gravity. 

On  June  15  the  pendulum  apparatus  was  taken  down  at  Waikiki  and 
mounted  at  Honolulu.  As  I desired  to  continue  the  latitude  work  at 
the  former  place  as  long  as  possible,  the  zenith  telescope  was  left 
standing  and  the  latitudes  were  continued  on  every  clear  night  while 
preparing  the  stations  in  Honolulu.  After  the  pendulum  observations 
were  in  operation  the  Waikiki  work  was  still  carried  on  whenever  pos- 
sible to  observe  stars.  The  pendulum  was  observed  during  the  day  at 
Honolulu  and  stars  obtained  during  the  early  evening.  Then  the  trip 
was  made  to  Waikiki  (3  miles),  and  latitude  continued  until  the  end  of 
the  list. 

On  June  28  we  left  for  Hawaii,  the  party  consisting  of  Prof.  W.  D. 
Alexander,  the  Surveyor- general,  Mr.  W.  E.  Wall,  Mr.  W.  W.  Cham- 
berlain, Mr.  Louis  Koch,' and  myself.  At  Waimea  the  party  was  joined 
by  Mr.  J.  M.  Muir,  a volunteer  observer,  who  rendered  valuable  service 
on  the  mountain  both  in  triangulation  and  magnetic  work. 

The  object  of  this  trip  was  the  determination  of  the  force  of  gravity 
at  the  base  and  summit  of  Mauna  Kea,  the  highest  peak  on  the  islands. 
The  elevation  is  nearly  14  000  feet.  Other  observations  were  also 
made  consisting  of  latitude,  magnetic,  meteorological,  etc. 

Landing  at  Kawaihae  on  the  evening  of  June  29,  this  station  was 
occupied  before  July  7.  Observations  were  made  for  latitude,  time, 
gravity,  and  magnetism. 

From  this  point  we  passed  to  the  plains  of  Waimea  at  an  elevation 
of  2 600  feet.  At  this  place  animals  were  engaged  for  the  ascent  and 
packers  hired.  While  making  the  necessary  arrangements,  two  stations 
were  occupied  for  magnetic  observations.  One  of  these  had  been 
occupied  in  1872  by  the  Government  Survey  officers  and  the  other  was 
a new  station  at  the  end  of  their  base  line.  This  work  was  done  at  the 
request  of  the  Surveyor-general. 

On  July  12  the  party  left  for  Kalaieha.  The  ascent  is  very  gradual. 
The  trail  winds  around  the  mountain,  and  after  a journey  of  35  miles 
we  found  ourselves  at  an  elevation  of  6 700  feet  above  the  sea.  From 
this  point  to  the  summit  the  path  is  rough  and  steep.  Only  12  miles 
more  travel  were  necessary  to  overcome  the  same  vertical  distance 
H.  Ex.  43,  pt.  2r — 31 
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that  we  had  risen  in  traveling  the  50  previous  miles.  A full  series  of 
observations  was  made  at  Kalaieha,  but  as  this  point  lies  just  at  the 
beginning  of  the  cloud  region  the  greatest  difficulty  was  experienced  in 
getting  stars. 

Only  five  pairs  could  be  secured  for  latitude  and  the  time  determina- 
tions for  gravity  are  rather  weak.  Much  of  the  work  was  done  during  rain . 
The  object  glass  was  uncovered  long  enough  to  make  the  observation 
while  the  star  was  passing,  and  immediately  after  a pair  was  observed 
or  after  a half  set  for  time  the  telescope  was  carried  into  the  tent  to  be 
wiped  and  dried.  Owing  to  the  great  difficulty  of  transporting 
baggage,  no  separate  observatory  tent  was  taken  and  the  telescope 
was  mounted  in  the  open  air. 

At  this  point  the  party  was  reinforced  by  Mr.  E.  D.  Baldwin,  of  the 
Government  Survey,  who  had  come  up  on  the  windward  side,  bringing 
some  pack  mules  and  a guide  from  Hilo. 

We  began  the  ascent  from  Kalaieha  on  July  19,  with  a pack  train  of 
twenty- two  animals  and  eleven  men.  One  of  the  donkeys  that  carried 
the  magnetic  instruments  and  some  firewood  became  unruly  and  ran 
away.  As  we  were  enveloped  in  fog,  he  found  no  difficulty  in  escaping, 
and  was  only  recaptured  at  3:30  p.  m.,  after  eight  hours’  hunting  by 
eight  of  the  party.  This  necessarily  deferred  the  trip  one  day,  and 
another  start  was  made  at  7:40  the  following  morning. 

We  arrived  at  Waiau,  over  13  000  feet  elevation,  late  in  the  after- 
noon. About  half  the  party  made  the  ascent  by  3 p.  m.,  but  as  many 
of  the  animals  were  suffering  from  the  rarity  of  the  air  and  from  the 
travel  over  the  rough  lava,  it  was  impossible  fo  urge  them  much,  and 
many  did  not  arrive  until  late;  in  fact,  some  did  not  get  up  at  all,  and 
from  sheer  exhaustion  refused  to  go  beyond  about  12  000  feet.  They 
were  unloaded,  and  their  loads  taken  by  stronger  mules  that  had 
already  been  to  the  top  and  unloaded. 

A stay  of  five  days  and  six  nights  was  made  at  Waiau.  The  ranges 
of  temperature  were  from  13°  F.  at  night  to  108°  at  noonday,  the  ther- 
mometer being  in  the  same  position  for  both  readings. 

The  pack  animals  arrived  from  below  at  11  a.  m.  of  July  26.  Every- 
thing was  in  readiness,  and  after  two  and  one-half  hours  spent  in 
packing  the  mules  we  started  down.  On  the  way  we  passed  .by 
Lilinoe,  where  in  past  times  the  natives  had  established  a burial  ground 
at  an  elevation  of  about  12  500  feet,  and  farther  on  we  came  to  Keaua- 
kakoi  (the  ax-makers’  cave),  where  before  the  introduction  of  iron  a 
quarry  had  been  opened  for  the  production  of  battle-axes.  The  eleva- 
tion of  this  point  is  over  12  000  feet. 

We  arrived  at  Kalaieha  the  same  evening.  Two  days  were  passed 
here,  repacking  the  instruments  and  putting  the  records  in  order.  All 
the  luggage  was  sent  down  the  lee  side  of  the  island  to  Kawaihae,  a 
distance  of  50  miles,  to  be  shipped  to  Honolulu.  As  it  was  desired  to 
make  magnetic  observations  at  Hilo,  Mr.  Baldwin,  Mr.  Wall,  and 
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myself  left  the  party  here.  This  could  be  done  without  increasing  the 
time  spent  on  the  island,  as  we  were  able  to  take  the  same  steamer  that 
was  to  pass  round  the  island  and  load  the  instruments  at  Kawaihae. 

III. — Magnetic  observations. 

The  first  of  these  were  made  on  August  11,  1891,  when  engaged  in 
the  latitude  observations  at  Waikiki.  The  date  of  occupation  of  this 
station  was  chosen  so  that  all  the  work  could  go  on  together.  At  the 
time  mentioned  our  astronomical  observations  extended  from  7 p.  m.  to 
11  p.  m..  With  these  hours  for  night  work  it  was  possible  to  make 
magnetic  observations  for  all  three  elements  during  the  day  and  allow 
no  break  to  occur  in  the  regular  series  for  time,  latitude,  and  gravity  in 
the  evening. 

The  second  station  was  made  at  Kaliuku,  on  the  extreme  north  point 
of  Oahu.  This  made  it  necessary  for  me  to  be  absent  from  Waikiki 
from  November  24  to  November  29.  Leaving  Waikiki  at  6 a.  m.  of  the 
24th,  the  distance  to  Waialua  was  made  by  3 p.  m.,  where  lunch  was 
taken.  In  the  evening  the  remainder  of  the  trip  was  made,  and  we 
arrived  at  Kahuku  at  8 p.  m.,  having  ridden  horseback  more  than  40 
miles  over  a difficult  road.  On  the  following  morning,  November  25, 
observations  were  begun.  They  were  completed  on  the  27th,  and  we 
were  back  in  Honolulu  on  the  evening  of  the  28th.  Prof.  Alexander 
accompanied  me  and  kindly  recorded  these  observations. 

Honolulu  was  occupied  on  June  2,  3,  and  4,  1892,  at  the  same  time 
that  the  Waikiki  work  was  in  progress.  The  subsequent  magnetic 
stations,  up  to  the  time  of  the  conclusion  of  the  Mauna  Kea  work, 
were  occupied  in  connection  with  gravity  and  latitude  observations, 
and  have  already  been  described. 

We  arrived  at  Hilo  on  the  evening  of  July  28,  having  passed  thirteen 
consecutive  hours  in  the  saddle.  The  trail  from  Kalaieha  is  35  miles 
long,  and  much  more  than  half  of  it  is  over  bare  lava  of  the  “aa”  and 
“pahoehoe”  types.  No  traveler  attempts  this  trip  without  carrying 
horseshoeing  implemehts,  for  the  lava  is  of  such  a nature  that  the  hoof 
of  an  unshod  horse  would  be  cut  through  in  a few  minutes,  and  noth- 
ing could  induce  the  animal  in  that  case  to  continue  the  journey.  We 
saw  the  carcasses  of  a dozen  horses  that  had  been  mercifully  killed  or 
unmercifully  left  to  die  of  starvation. 

Cocoanut  Island  was  occupied  at  Hilo  from  July  30  to  August  3, 
and  we  arrived  in  Honolulu  on  August  6.  At  the  request  of  Prof. 
Alexander,  the  Surveyor- general  of  the  Kingdom,  I left  on  the  next 
steamer  for  Kealakeakua  Bay  to  re-occupy  the  magnetic  station  of 
Oapt.  Cook  at  Napoopoo.  His  observations  were  made  more  than 
one  hundred  years  ago,  and  were  finished  just  before  the  outbreak 
which  cost  the  great  discoverer  his  life.  On  the  way  back  to  Honolulu 
I stopped  three  days  at  Lahaina,  and  made  magnetic  observations 
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where  De  Freycinet  had  an  observatory  in  1819.  Honolulu  was  again 
reached  on  August  27.  Two  more  stati  ms  remained  to  be  occupied, 
and  on  August  30  we  left  for  Kauai.  The  work  being  done  at  Waimea 
1 went  on  board  the  Mikahala.  Learning  that  before  returning  to 
Honolulu  she  would  go  to  Mihau  I determined  to  make  the  trip  and  get 
one  station  on  that  seldom  visited  island.  ’ This  neither  increased  the 
expense  nor  delayed  my  return,  as  otherwise  it  would  have  been  neces- 
sary to  wait  at  Waimea  until  the  vessel  came  back. 

IV. — Meteorological  observations. 

When  it  was  decided  to  occupy  the  summit  of  the  highest  mountain 
in  Hawaii,  the  occasion  was  taken  to  verify  its  height,  as  determined 
previously  by  Prof.  Alexander.  To  this  end  barometers  were  read 
at  the  four  mountain  stations,  Kawaihae,  Waimea,  Kalaieha,  and 
Waiau.  Simultaneously  with  this,  barometric  observations  were  made 
in  Honolulu,  and  at  Hilo  and  Waimea,  on  Hawaii.  The  wet  and  dry 
bulb  thermometers  were  also  read  for  the  relative  humidity,  and  the 
direction  and  force  of  the  wind,  the  percentage  of  clouds,  etc.,  were 
noted.  On  the  summit  the  mercurial  barometer  stood  at  approximately 
18*3  inches  at  a temperature  of  about  54°  F. 

On  September  14  I took  passage  in  the  steamship  Australia  for  San 
Fran  cisco.  Arriving  on  the  21st,  I found  orders  from  the  Superin- 
tendent to  measure  the  force  of  gravity  at  the  Lick  Observatory.  This 
was  done  between  September  28  and  October  2,  the  time  between 
September  22  and  27  being  employed  in  getting  the  instruments  through 
the  custom-house  and  in  repairing  the  pendulum  apparatus,  which  was 
considerably  out  of  order  from  the  experiences  on  the  top  of  Mauna 
Kea.  On  October  4 I started  for  Washington  and  arrived  on  the  16th. 

In  closing,  I desire  to  express  my  obligations  to  the  Surveyor-general, 
Prof.  W.  D.  Alexander.  Throughout  my  entire  stay  I was  the  constant 
recipient  of  professional  favors.  The  observatories  at  Waikiki,  the 
meridian  mark  on  Makiki,  and  the  transportation  of  the  heavy  outfit 
to  the  gravity  station  above  the  clouds,  all  bear  testimony  to  his 
generous  aid.  It  is  due  to  the  Hawaiian  Government  Survey  to  state 
that  the  greater  iiart  of  the  Mauna  Kea  expenses  were  borne  by  that 
Bureau. 
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The  following  table  gives  a summary  of  the  season’s  work: 


Summary  of  observations  in  the  Hawaiian  Islands  in  1891-92. 


Station. 

Island. 

Date  of  occupation. 

Class  of  obser- 
vations. 

Nights 
or  days 
of  ob- 
serva- 
tions. 

No.  of 
deter- 
mina- 
tions. 

Remarks. 

1891.  1892. 

Waikiki. 

Oahu. 

June  6-June  25 

Latitude. 

220 

2434 

June  9-June  1 1 

Gravity. 

199 

827 

June  9-June  11 

Time. 

2C2 

202 

1891. 

Aug.  1 1 -Aug.  13 

Magnetic. 

3 

3 

Kahuku. 

Nov.  25-Nov.  27 

do. 

3 

3 

1892. 

Honolulu. 

June  23-Tune  25 

Gravity. 

3 

57 

June  15-June  27 

Time. 

10 

10 

June  2-June  4 

Magnetic. 

3 

3 

Kawaihae. 

Hawaii. 

July  4-July  6 

Latitude. 

3 

23 

July  3~JulY  6 

Gravity. 

4 

91 

July  3-July  6 

Time. 

4 

4 

July  1 -July  3 

Magnetic. 

3 

3 

June  30-July  7 

Meteorology. 

8 

Waimea. 

July  8 

Magnetic. 

1 

1 

West  base. 

July  9~July  1 1 

do. 

2 

2 

Old  station. 

July  7-July  1 1 

Meteorology. 

5 

Kalaieha. 

July  14-July  15 

Latitude. 

2 

3 

July  14-July  16 

Gravity. 

3 

67 

July  14-July  18 

Time. 

6 

6 

July  14-July  16 

Magnetic. 

3 

3 

July  -i3-July  18 

Meteorology. 

6 

Waiau. 

July  21-July  25 

Latitude. 

4 

55 

• 

July  22-July  25 

Gravity. 

4 

81 

July  21-July  25 

Time. 

4 

4 

July  21-July  24 

Magnetic. 

3 

3 

July  21-July  26 

Meteorology. 

6 

Hilo. 

July  30- Aug.  3 

Magnetic. 

5 

3 

Napoopoo. 

Aug.  1 8- Aug.  21 

do. 

4 

3 

Lahaina. 

Maui. 

Aug.  23-Aug.  25 

do. 

3 

3 

Waimea. 

Kauai. 

Sept.  2-Sept.  3 

do. 

2 

2 

Latitude  station, 

1887,  and  transit 

of  Venus,  1874. 

1 Sept.  5-Sept.  6 

do. 

2 

2 

Thorny  Croft. 

Nonopapa. 

Niihau. 

| Sept.  9 

do. 

1 

1 

In  the  column  “ Number  of  determinations,”  the  figures  indicate: 

For  latitude. — The  number  of  pairs  of  stars. 

For  gravity. — The  number  of  intervals,  each  giving  one  value  for  the  period  of  oscillation 
of  the  pendulum. 

For  time. — The  number  of  sets  of  stars,  each  one  giving  a correction  to  the  chronometer. 

For  magnetic. — The  number  of  determinations  of  all  three  elements — declination  of  the 
needle,  the  dip  and  the  horizontal  intensity,  and  time  and  azimuth. 

The  meteorological  observations  were  made  many  times  during  the  day.  The  barometer 
was  read  at  the  times  of  maximum  and  minimum,  at  9 a.  m.  and  3 and  9 p.  m.  On  the 
summit  of  Mauna  Kea  it  was  read  more  frequently. 
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REPORT  OF  AN  EXPEDITION  TO  MUIR  GLACIER,  ALASKA,  WITH  DETER- 
MINATIONS OF  LATITUDE  AND  THE  MAGNETIC  ELEMENTS  AT  CAMP 
MUIR,  GLACIER  BAY. 


By  Harry  Fielding  Reid, 

Professor  of  Physics  at  the  Case  School  of  Applied  Science,  Cleveland,  Ohio. 
Submitted  for  publication  December  10,  1891. 


INTRODUCTION. 

In  the  spring  of  1890  a party  was  formed,  consisting  of  Messrs. 
H.  P.  Cushing,  H.  McBride,  R.  L.  Casement,  J.  F.  Morse,  C.  A.  Adams, 
and  the  writer,  for  the  purpose  of  exploring  and  studying  Muir  Glacier, 
Alaska.  All  my  companions  rendered  most  efficient  aid.  Mr.  Cushing 
took  entire  charge  of  the  geological  and  meteorological  observations. 
Messrs.  Adams  and  Morse  did  most  of  the  trigonometric  work,  while 
the  writer  did  the  plane  table  work,  made  the  magnetic  and  latitude 
observations,  and  had  general  charge  of  the  expedition.  We  estab- 
lished our  camp,  Which  we  named  Camp  Muir,  neai*  the  end  of  the 
glacier,  on  July  1,  1890,  and  remained  there  until  the  middle  of  Sep- 
tember, mapping  and  studying  the. region. 

Many  of  the  necessary  instruments  were  lent  us  by  the  U.  S.  Coast 
and  Geodetic  Survey.  A list  of  them  will  be  given  at  the  end  of  this 
report. 

General  Geography. — The  southeastern  extremity  of  Alaska  consists 
almost  entirely  of  an  archipelago  of  islands,  which  occupies  a space 
nearly  350  miles  long  and  100  miles  wide.  These  islands,  large  and 
small,  are  closely  packed  together,  and  the  waterways  between  them  are 
deep  and  narrow,  and  often  form  long  strait  canals.  The  islands  are 
mountainous  and  precipitous,  affording  few  landing  places.  Their  slopes 
are  densely  wooded,  mostly  with  spruce.  The  rough  surveys  of  V ancou- 
ver,  a hundred  years  ago,  as  revised  later  by  Tebenkof  and  others,  were, 
until  1867,  largely  relied -upon  as  supplying  the  most  accurate  informa- 
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tion  of  parts  of  the  coast.  Since  that  year  the  explorations  and  surveys 
made  by  the  U.  S.  Coast  and  Geodetic  Survey,  under  the  direction  of 
Assistant  Davidson,  Acting  Assistant  Dali,  and  during  the  period 
from  1881  to  the  present  time  by  officers  of  the  Navy  attached  to  the 
Coast  Survey  Service,  have  resulted  in  the  publication  of  charts  and 
Coast  Pilots  making  known  the  more  important  channels  and  water- 
ways with  ample  accuracy  for  all  purposes  of  navigation.  Southeast 
of  the  Alaskan  boundary  the  islands  become  larger  and  the  waterways 
wider.  Cross  Sound  and  Icy  Strait  form  the  northwestern  boundary  of 
the  archipelago.  From  them  two  deep  inlets,  Linn  Canal  and  Glacier 
Bay,  stretch  to  the  north  and  northwest,  forming,  with  the  Pacific 
Ocean,  two  peninsulas. 

Tho  great  Fairweather  group  of  mountains  occupies  the  western  part 
of  the  peninsula  between  Glacier  Bay  and  the  Pacific.  The  eastern 
part  is  occupied  by  another  and  much  lower  range,  whose  peaks  rise 
about  1 800  metres  above  the  sea.  Their  northeastern  slopes  are 
gradual,  and  are  covered  with  large  glaciers,  some  of  which  reach  tide- 
water and  discharge  icebergs  into  Glacier  Bay.  Between  these  two 
ranges  there  seems  to  be  a deep  valley,  which  drains  the  eastern  slopes 
of  the  Fairweather  group.  This  is  probably  filled  by  a long  narrow 
glacier  discharging  into  Taylor  or  Dundas  Bay. 

Little  was  known  of  the  peninsula  between  Glacier  Bay  and  Lynn 
Canal  before  our  expedition  mapped  its  northern  part,  except  that  it  is 
entirely  made  up  of  glacier-bearing  mountains,  whose  peaks  are  from 
1 800  to  2 400  metres  high. 

Northwest  of  Cross  Sound  the  character  of  the  coast  changes 
abruptly;  the  coast  line  becomes  continuous  without  outlying  islands 
and  broken  by  few  inlets.  Mountains  of  great  height  rise  immediately 
from  the  water’s  edge.  We  can  therefore  topographically  divide  the 
southeast  coast  of  Alaska  into  two  regions;  the  line  between  them 
passes  along  Cross  Sound,  then  follows  the  valley  just  northeast  of  the 
Fairweather  range  for  60  or  80  kilometres,  beyond  which  point  we  know 
nothing  whatever  about  it.  This  topographical  difference  seems  to  be 
accompanied  by  a geological  difference.  Mr.  Russell  has  shown  that 
the  St.  Elias  Alps  are  of  tertiary  origin,  and  probably  the  Fairweather 
group  belongs  to  the  same  range,  though  I believe  it  has  not  been  at 
all  explored.  If  this  is  true,  the  Fairweather  Mountains  are  of  tertiary 
origin,  while  the  mountains  about  Muir  Glacier,  and  probably  the  rest 
of  the  same  topographical  region  to  the  southeast,  belong  to  paleozic 
and  archean  time.  (See  Nat.  Geog.  Magaz.,  Yol.  iv,  Supplements  i and 
ii  to  “Studies  of  Muir  Glacier”.) 

Auother  difference  is  quite  marked.  Mr.  Russell  has  found  raised 
beaches  about  Yakutat  Bay,  indicating  that  the  land  there  has  risen, 
whereas  the  submerged  trees  in  Muir  Inlet  show  that  this  region  is 
sinking.  These  striking  facts  seem  to  show  that  the  valley  between 
the  Fairweather  Mountains  and  Glacier  Bay  follows  the  line  of  an 
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immense  geological  fault,  which  brings  tertiary  and  paleozoic  rocks 
into  close  juxtaposition.  It  is  most  unfortunate  that  we  have  no  obser 
vations  on  the  Fair  weather  Mountains  that  will  enable  us  to  confirm  or 
correct  this  interesting  indication. 

Glacier  Bay  and  Muir  Inlet. — Glacier  Bay  itself  has  not  been  sur- 
veyed; its  delineation  in  the  Coast  Survey  charts  is  correct  only  in  its 
general  outline.  It  lies  northwest  and  southeast  and  is  about  65  kilo- 
metres long  by  15  kilometres  wide.  There  are  a great  many  islands  in 
the  bay.  The  Beardslee  Islands,  which  fill  the  eastern  side  for  a dis- 
tance of  about  30  kilometres  from  its  mouth,  are  made  up,  at  any  rate, 
in  part,  of  modified  glacial  till,  and  are  generally  thickly  wooded,  as 
are  also  the  shores  in  the  lower  part  of  the  bay.  The  channels  betweeen 
these  islands  are  narrow,  and  often  give  one  the  impression  of  water- 
ways cut  through  the  land.  The  islands  in  the  upper  part  of  the  bay 
are  quite  different;  they  are  of  solid  rock,  and  are  scored,  polished,  and 
rounded  by  glacial  action ; they  occur  singly,  are  usually  elongated,  and 
have  the  long  axis  parallel  to  the  nearest  shore.  They,  like  the  main 
land,  descend  abruptly  into  the  water,  and  only  at  long  intervals  can 
even  a small  beach  be  found.  In  this  part  there  are  no  trees.  Several 
glaciers  force  their  way  down  to  the  water’s  level  and  discharge  bergs 
into  the  bay;  most  of  them  end  in  a narrow  inlet  two  or  three  miles  back 
from  the  bay  proper.  Muir  Glacier  is  of  this  type  ; its  inlet,  which  runs 
about  north  and  south,  has  its  southwestern  terminus  on  Glacier  Bay 
about  8 kilometres  from  the  end  of  the  glacier ; the  eastern  shoreline 
rounds  gradually  into  the  bay  without  any  well-marked  headland. 
The  inlet  gradually  narrows  as  we  approach  the  glacier,  being  about 
2-5  kilometres  wide  at  its  upper  end.  On  each  side  are  deposits  of 
roughly  stratified  sands  and  gravels,  covered  with  a thin  layer  of  mo- 
raine debris.  On  the  west  side,  these  deposits  form  a comparatively 
level  plateau  from  45  to  60  metres  high,  which  extends  about  6*5  kilo- 
metres south  of  the  present  ending  of  the  glacier,  and  is  about  1-6  kilo- 
metres Wide.  Its  surface  bears  a number  of  shallow  lakes;  and  here 
and  there  deep  ravines  mark  the  position  of  former  water  courses* 
The  western  subglacial  stream  has  cut  a gorge  through  this  plateau, 
and  exposed  the  buried  forest  described  by  Prof.  Wright.*  For  three- 
quarters  of  its  length  the  plateau  ends  on  the  water  side  in  precipitous 
bluffs,  below  which  there  is  a narrow  beach,  only  covered  by  the  high- 
est tides.  On  the  east  side  the  bluffs  only  extend  for  a kilometre  or 
so;  the  upper  surface  of  the  deposit  is  not  a plateau,  but  slopes  gradu- 
ally down  to  the  bed  of  the  glacial  stream  at  the  foot  of  the  mountains. 
This  stream  empties  into  the  inlet  just  below  where  the  bluffs  end. 
South  of  the  stream  the  deposits  slope  gradually  up  from  the  beach  to 
a height  of  about  120  metres  against  the  mountain  side. 
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The  inlet  is  quite  deep.  Prof.  Wright  reports  a sounding  by  Gapt. 
Hunter  of  86  fathoms  about  1 200  metres  south  of  the  present  position 
of  the  ice-front.  Capt.  Carroll  last  summer  (1890)  found  within  100 
metres  of  the  ice-front  a depth  of  120  fathoms.  This  does  not  necessa- 
rily indicate  that  the  inlet  increases  in  depth  as  we  approach  the  imme- 
diate neighborhood  of  the  ice,  for  the  earlier  sounding  may  not  have 
been  taken  in  the  deepest  part  of  the  channel. 

Muir  Glacier. — Muir  Glacier  (see  illustration  No.  22)  occupies  a de- 
pression in  the  mountains  about  60  kilometres  long  and  from  10  to  15 
wide.  It  is  fed  by  a great  number  of  tributaries,  of  which  the  First 
Northern,  the  Second  Northern,  and  the  Northwestern  are  by  far  the 
largest.  These  again  are  made  up  of  many  smaller  glaciers.  The  gen- 
eral slope  of  the  surface  is  about  a degree  and  a quarter.  This  is  based 
on  a barometrical  reading  made  between  Tree  Mountain  and  Granite 
Canon.  The  appearance  of  the  glacier  to  the  northwest  indicates  that 
the  slope  there  is  about  the  same.  The  total  area  drained  by  this  sys- 
tem is  about  2 250  square  kilometres,  the  actual  surface  of  the  ice  being 
about  1 000  square  kilometres.  The  area  draining  into  Muir  Inlet  is 
about  2 000  square  kilometres.  Most  of  the  precipitation  which  falls 
on  this  area  flows  off  as  water  in  the  subglacial  streams;  the  rest,  com- 
pressed into  ice,  is  forced  through  the  narrow  gateway  about  4 kilome- 
tres wide  into  the  inlet,  where  the  glacier  terminates  in  a vertical  wall 
of  ice,  varying  from  40  to  65  metres  above  the  water’s  surface,  from 
which  large  masses  are  continually  separating  to  become  icebergs.  As 
already  said,  the  depth  of  the  water  is  in  places  120  fathoms  or  220 
metres,  and  as  this  is  not  enough  to  float  a mass  of  ice  which  rises 
as  high  above  the  water  as  Muir  Glacier  does,  the  ice  must  reach  to  the 
very  bottom,  and  must  attain  a thickness  of  275  metres.  The  actual 
length  of  the  ice-front  facing  the  water  is  2 800  metres.  On  each  side 
the  glacier  sends  forward  a wing,  which  rises  in  the  shape  of  a wedge 
over  the  strati  tied  sands  and  gravels  of  the  shore.  The  upper  surfaces 
of  the  wings,  like  the  ice-front,  are  about  60  metres  above  the  water 
level.  This  applies  only  to  the  parts  of  the  wings  overlooking  the  inlet; 
the  parts  nearer  the  side  mountains  are  15  to  30  metres  lower,  and  here 
the  ice  ends  like  an  ordinary  alpine  glacier.  The  wings  are  fringed 
by  treacherous  quicksands,  which  support  large  stones  and  look  firm 
enough,  but  the  tourist  who  steps  upon  them  carelessly  will  quickly 
sink  in  over  his  ankles.  These  qiiicksands  are  composed  of  fine  glacial 
mud,  thoroughly  soaked  with  water  from  the  melting  ice. 

The  ice-front  has  a wonderful  coloring.  Places  from  which  ice  has 
recently  broken  off  are  deep  blue,  sometimes  almost  black.  This  color 
lightens  under  exposure  to  the  air  and  sun,  and  in  a few  days  becomes 
pure  white.  All  stages  are  represented  in  the  ice-front,  which  there- 
fore shows  all  shades  of  blue  in  striking  variety. 
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Tributaries.— Beginning  at  the  right  (see  the  illustration),  we  find 
three  tributaries  coming  in  from  the  southeast.  The  Dirt , Glacier 
sweeps  around  in  a great  curve  from  behind  Mount  Wright;  its  lower 
part  is  completely  covered  with  debris  for  fully  2-5  kilometres  from  its 
mouth;  above  this  the  glacier  is  particularly  clean.  The  White 
Glacier,  which  joins  the  Muir  just  beyond  Mount  Case,  is  remarkably 
beautiful.  Arising  in  a circle  of  snowy  mountains,  it  flows  down  a 
deep  and  narrow  valley  at  an  angle  of  about  10°,  its  very  white  surface 
marked  by  the  wonderfully  symmetrical  parallel  curves  of  three  or  four 
dark  moraines.  It  is  about  6*5  kilometres  long  and  0*8  wide.  A little 
farther  is  the  Southeastern  Tributary,  fed  by  a number  of  smaller 
glaciers.  This  glacier  is  not  hemmed  in  by  mountains,  but  crosses  a 
divide  to  the  east  of  al5,  over  which  the  ice  flows  into  some  valley  on 
the  other  side.  This  divide  has  an  altitude  of  600  or  750  metres. 
About  15  kilometres  southeast  of  our  camp  a large  glacial  stream  dis- 
charges into  Glacier  Bay.  It  must  drain  the  southern  side  of  the 
mountains  which  bound  these  three  tributaries.  A little  farther  to  the 
east  is  Main  Valley,  which,  though  it  probably  once  contained  a tribu 
tary,  is  now  an  outlet  of  Muir  Glacier.  The  ice  flows  down  this  valley 
in  a stream  3 miles  wide,  but  apparently  with  a very  slow  motion.  A 
few  miles  down  the  valley  the  ice  ends  in  a high  wall  facing  Main 
Lake,  into  which  it  occasionally  discharges  a berg.  The  stream  drain- 
ing this  lake  flows  through  a broad  flat  valley  of  sands  and  gravels  to 
the  southeast,  and  finally  empties  into  Lynn  Canal.  The  three  valleys 
entering  the  eastern  side  of  Main  Valley  also  have  flat,  gravel- covered 
floors,  through  which  rush  the  streams  from  the  snow  fields  and  small 
glaciers  at  their  heads.  Two  of  these  valleys  are  beyond  the  present 
termination  of  the  glacier.  Formerly  the  ice  must  have  extended 
across  their  mouths,  hemming  them  in  and  converting  them  into  lake 
beds.  The  upper  valley  is  now  in  just  this  condition.  The  lake  which 
occupies  it  has  been  called  Berg  Lake  on  account  of  the  great  number 
of  icebergs  in  it  last  summer  (1890).  Just  to  the  north  of  the  entrance 
to  Main  Valley  lies  the  Girdled  Glacier,  so  called  on  account  of  the 
moraine  which  completely  surrounds  it;  it  can  be  seen  from  the  end  of 
Muir  Glacier,  but  is  so  fore-shortened  that  one  would  not  suspect  that 
the  visible  portion  is  5*5  kilometres  long.  To  the  west  and  separated 
from  the  Girdled  Glacier  only  by  a narrow  ridge  is  Granite  Canon,  a 
deep  gorge  with  precipitous  sides  running  about  13  kilometres  into  the 
heart  of  the  mountains.*  The  ice  slopes  downward  into  the  canon, 
whose  drainage,  however,  must  be  back  under  the  ice ; for  although  I 
was  unable  to  see  every  point  of  the  ridge  which  closes  in  the  back  of 
this  valley,  I could  see  sufficient  of  it  from  different  points  of  observa- 
tion to  convince  me  that  no  part  of  it  was  less  than  300  metres  above 

*This  was  named  from  the  crystalline  nature  of  the  rock,  which*  however,  is  not 
a true  granite.  (See  paragraphs  under  heading  Geology.) 
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the  floor  of  the  valley.  This  curious  condition  seems  to  be  due  to  the 
fact  that  this  valley  once  contained  a tributary  glacier,  which  on 
account  of  the  present  smaller  supply  of  ice,  and  the  reflection  of  the 
heat  fr6m  the  northern  side  of  the  canon,  has  melted  down  more 
rapidly  than  the  surface  of  the  main  glacier;  so  that  now,  although  this 
I could  not  see,  the  glaciers  draining  into  this  valley  are  probably 
entirely  separated  from  the  ice  entering  at  its  mouth.  The  tributaries 
so  far  mentioned  supply  none  of  the  ice  which  forms  ice  front  in  Muir 
Inlet;  all  the  ice  coming  from  them  that  does  reach  the  end  of  the 
glacier  is  compressed  into  about  750  metres  between  the  ice  front  and 
the  mountain  to  the  east.  If  a line  were  drawn  from  station  H to  the 
eastern  side  of  the  first  Northern  Tributary,  and  a second  line  to  the 
northwest  at  right-angles  to  the  first,  the  sources  of  all  the  ice  which 
reaches  the  ice  front  would  lie  in  the  quadrant  between  them. 

The  first  and  second  Northern  Tributaries,  and  the  main  glacier 
present  no  striking  peculiarities.  These  are  immense  streams  of  ice 
fed  by  innumerable  smaller  glaciers;  the  mountains  which  rise 
between  them  and  through  them  are  deeply  laden  with  snow,  and 
toward  the  northwest  seem  to  raise  only  their  summits  through  the 
icy  sea.  The  extremities  of  these  branches  could  not  be  clearly  de- 
termined, although  they  all  seem  to  connect  by  low  divides  with  valleys 
beyond.  The  Northwestern  Tributary  heads  in  two  beautiful  white 
conical-looking  mountains,  which  we  have  called  the  Snpw  Cones.  A 
part  of  its  ice  flows  over  the  divide  between  13  and  15  and  joins  a large 
glacier  which  is  probably  identical  with  the  one  which  enters  the  head 
of  Glacier  Bay.  The  Western  Tributary  supplies  no  ice  to  the  ice  front  ; 
moreover,  its  snow  fields  are  too  small  and  too  low  to  supply  ice  for  a 
glacier  of  its  width,  and  it  is  evidently  melting  away.  At  its  western 
extremity  it  crosses  over  a divide  and  flows  into  a valley  beyond. 

The  mountains  immediately  surrounding  Muir  Glacier  are  not  high, 
the  highest  peaks  being  between  1800  and  2 400  metres.  The  moun- 
tains which  first  attract  the  attention  of  the  visitor  are  Mount 
Wright,*  Mount  Case,t  and  Pyramid  Peak;  the  first  two,  by  their 
jagged  crests,  seamed  by  snow  couloirs;  the  last  by  its  symmetrical 
form;  all  three  by  their  proximity.  The  more  distant  mountains  seem 
to  lack  somewhat  in  individuality;  this  is  largely  due  to  their  distance, 
for  they  are  from  25  to  50  kilometres  away.  All  is  bare  and  bleak,  and 
the  scenery  is  entirely  lacking  in  picturesqueness.  If  we  go  out  on 
the  ice  as  far  as  H the  three  bold  peaks  of  Mount  Young  show  them- 
selves over  Tree  Mountain;  and  the  beautiful  Snow  Cones  at  the 
head  of  the  Northwestern  Tributary  can  be  seen. 

Drainage. — The  principal  drainage  of  the  glacier  is  into  Muir  Inlet. 
On  each  side  of  the  inlet  a large  stream  issues  from  the  end  of  the  ice 

* Named  after  Prof.  Wright,  who  spent  some  time  studying  Muir  Glacier  in  1888. 
He  has  described  it  in  his  Ice  Age  in  North  America. 

t After  the  Case  School  of  Applied  Science,  Cleveland,  Ohio. 
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at  a number  of  points,  and  after  a rapid  course  of  between  1*5  and  2*5 
kilometres  empties  into  the  inlet,  forming  quite  a large  delta.  These 
streams  were  about  20  metres  wide  and  half  a metre  deep.  Their 
course  is  so  swift  that  they  roll  down  stones  as  large  as  one’s  fist;  but 
the  principal  material  that  they  carry  off  is  in  the  form  of  fine  mud.  We 
used  this  water  largely  in  our  camp,  and  found  that  although  most  of  the 
mud  would  precipitate  when  allowed  to  stand  for  a few  hours,  still  the 
water  remained  quite  turbid  even  after  three  or  four  days.  The  muddy 
character  of  the  water  in  the  inlet  a little  west  of  the  middle  of  the  ice 
front  shows  that  another  stream  must  discharge  in  that  region,  either 
under  or  through  the  ice.  A small  part  of  the  drainage  of  the  glacier 
passes  down  Main  Valley,  but  this  does  not  amount  to  very  much.  I 
think  the  principal  sources  of  the  stream  in  this  valley  are  from  the 
snow  fields  and  smaller  glaciers  on  its  sides. 

Geology. — The  geological  observations  were  undertaken  by  Mr.  Cush 
ing.  Some  rocks  collected  near  the  glacier  were  submitted  for  micro- 
scopical  examination  to  Dr.  George  H.  Williams,  of  the  Johns  Hopkins 
University.  The  following  is  extracted  from  their  reports.*  The  rock 
bordering  the  glacier  on  the  south  and  southeast  is  slate.  It  has  a 
very  variable,  but  in  general,  high  dip  to  the  southwest,  and  is  much 
faulted.  On  the  east  side  of  Muir  Inlet  this  is  overlaid  conformably  by 
limestone,  the  junction  reaching  tide  water,  about  13  kilometres  south- 
east of  the  glacier.  The  southwestern  shore  of  Glacier  Bay  and  the 
islands  near  it  are  composed  of  this  rock.  In  one  of  these  islands  Mr. 
Cushing  found  fossils  which  make  it  probable  that  the  limestone  and 
underlying  slate  are  of  paleozoic  age. 

The  western  part  of  the 'glacier’s -basin  consists  of  quartz  diorite, 
light  gray  in  color.  The  line  of  junction  with  the  slates,  beginning  at 
the  small  glacier  on  the  northern  shoulder  of  Pyramid  Peak,  runs 
easterly,  passes  between  the  F and  K ridges,  and  then  between  H and 
I.  It  then  turns  to  the  northwest,  passing  between  g5  and  f2.  The 
northern  mountains  are  diorite,  bordered  on  the  south  by  a narrow 
band  of  slate.  The  eruptive  rocks  (the  diorites  and  quartz  diorites) 
are  full  ot  dikes  running  in  all  directions.  The  eruptions  occurred  at 
two  or  more  periods.  Some  of  these  rocks  are  very  old,  and  closely 
resemble  archean  terranes  occurring  in  the  Cordilleras  further  south. 
Although  the  difficulties  of  travel  prevented  Mr.  Cushing  from  exam- 
ining the  region  very  thoroughly,  he  thinks  we  have  to  do  here  with  a 
tilted  block  dipping  towards  the  southwest,  but  much  distorted  by 
minor  folds  and  by  faults. 

Changes  going  on. — Many  indications  show"  that  Muir  Glacier  is 
•becoming  smaller,  and  considerable  changes  may  be  expected  before 
many  years.  Main  Lake  and  Berg  Lake  are  now^  separated  by  a very 

* These  reports  are  given  in  full  in  “ Studies  of  Muir  Glacier/5  Nat.  Geog.  Mag., 

Yol.  iv, 
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short  distance,  and  it  will  not  be  long  before  they  unite.  This  will 
result  in  the  draining  of  Berg  Lake,  which  event  will  probably  be 
marked  by  a flood.  The  melting  of  the  ice  in  Main  Valley  must  be 
rapid,  for  the  great  extent  of  its  termination  there  presents  a large 
surface  for  melting.  When  this  termination  has  receded  4 or  5 kilo- 
metres, and  the  surface  of  the  ice  has  sunk  60  to  100  metres,  the  ice 
from  the  first  northern  and  from  the  southeastern  tributaries  will 
probably  be  in  part  deflected  into  Main  Valley. 

The  small  lake  which  occupies  a lateral  valley  opening  into  Granite 
Canon  will  probably  extend  as  the  ice  diminishes,  and  perhaps  occupy 
a.  large  part  of  the  canon  itself. 

Prof.  Wright  has  kindly  sent  me  some  photographs  which  he 
took  of  the  glacier  in  1886*.  By  comparing  these  with  our  photographs 
we  can  readily  fix  on  our  map,  within  100  metres,  the  position  of  the 
ice  front  at  the  time  of  Prof.  Wright’s  visit.  This  shows  that  in 
the  four  years  from  1886  to  1890,  the  western  end  of  the  ice  front  has 
receded  1 100  metres  and  the  eastern  end  900  metres.  The  center  has 
also  receded  about  1 100  metres,  so  that  the  average  recession  of  the 
ice  front  is  about  1 000  metres  in  four  years.  Prof.  Muir  writes 
me  that  the  notes  of  his  first  visit  to  the  glacier  in  1879  show  that  the 
ice  then  extended  almost  to  our  station  D.  The  rate  of  retreat  deduced 
from  this  accords  fairly  well  with  that  given  above.  The  ice  front, 
therefore,  must  have  extended  as  far  as  island  O twenty  years  ago. 
Below  C,  I think  the  retreat  was  more  rapid,  for  there  the  glacier 
presented  a much  wider  front  to  the  water,  from  which  a correspond- 
ingly larger  quantity  of  ice  must  have  broken  off.  And  this  could 
hardly  have  been  entirely  compensated  for  by  a greater  velocity  of 
flow,  on  account  of  the  many  obstructions  in  the  neighborhood  of  the 
present  position  of  the  ice  front.  It  does  not  seem  at  all  incredible 
that  the  ice  from  the  various  glaciers  of  Glacier  Bay  may  have  united 
to  fill  a large  part  of  the  bay  a hundred  years  ago.  Prof.  Wright’s 
interpretation  of  Vancouver’s  description  seems  perfectly  in  accord 
with  what  our  observations  would  lead  us  to  conclude. 

The  retreat  is  probably  not  regular,  but  is  faster  some  years  than 
others;  and  even  varies  considerably  at  different  parts  of  the  same 
season.  For  two  or  three  weeks  in  August  (1890)  there  was  scarcely 
any  fall  of  ice;  in  the  two  weeks  following  the  fall  was  so  rapid  that  a 
great  bay,  fully  a quarter  of  a mile  deep,  was  made  in  the  eastern  part 
of  the  ice  front,  which  was,  before  this,  only  slightly  concave.  I have 
collected  on  the  map  the  positions  of  the  ice  front  at  several  periods ; 
this  shows  the  retreat  at  a glance,  much  better  than  it  can  be  described 
in  words.  The  changes  in  the  shape  of  the  front  will  also  be  evident. 

The  present  rate  of  recession  of  the  ice  front  in  Muir  Inlet,  a kilo- 
metre in  four  years,  will  probably  be  exceeded  in  the  near  future,  for 
it  has  reached  a point  where  the  conditions  change.  The  deposits 
which  support  the  wings  are  almost  at  the  water’s  level  at  the  ice 
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front,  and  slope  down  at  an  angle  of  6°  or  7°;  a little  further  back 
they  will  be  below  the  water’s  level  and  the  ice  front  will  be  broader, 
resulting  in  an  increased  amount  of  loss  by  breakage,  and  hence  a more 
rapid  retreat.  Ten  or  fifteen  years  will  probably  see  the  Dirt  Glacier 
on  the  east  and  ,the  Western  Tributary  on  the  west,  entirely  separate 
from  the  main  ice  stream.  The  middle  part  of  the  valley  which  con- 
nects Muir  Inlet  with  the  upper  part  of  Glacier  Bay  is  now  occupied 
by  a small  glacier  without  feeders,  evidently  the  remains  of  a much 
larger  body  of  ice.  It  probably  derived  its  supply  principally  from 
the  main  body  of  ice  which  formerly  filled  the  bay.  This  glacier,  which 
we  called  the  Dying  Glacier,  is  rapidly  melting  away;  in  fifteen  or 
twenty  years  I think  its  bed  will  be  empty.  The  maps  I have  made 
will  enable  us  to  determine  with  considerable  accuracy  the  amount  of 
these  changes  in  the  future.  I should,  however,  say  that  although  the 
northern  end  of  Main  Lake  is  in  its  right  place,  the  southern  end  is 
only  approximately  determined.  The  ends  of  the  Dying  Glacier  are 
also  only  approximate. 

THE  SURVEY. 

I. — BY  TRANSIT. 

The  west  side  of  the  inlet  was  the  best  , place  for  measuring  our  base 
line,  as  it  offered  a pretty  long  stretch  of  fairly  level  ground.  The 
base  line  was  measured  on  July  5,  with  a 30-metre  steel  tape  (No.  23 
U.  S.  Coast  and  Geodetic  Survey). 

Wooden  stakes  were  driven  into  the  ground,  and  into  the  top  of  each 
was  driven  a tack;  the  measures  were  all  made  from  the  north  edges 
of  the  tacks.  The  tape  was  stretched  by  a spring  until  the  tension  was 
16  pounds.*  Where  the  ground  sloped,  the  tape  was  held  as  nearly 
level  as  possible,  and  plumb  bobs  were  used  to  project  the  tape  upon 
the  edge  of  the  tack.  The  base  was  measured  twice,  first  from  B to  A, 
and  then  from  A to  B.  The  two  values  obtained  were  962-301  and 
962-330  metres.  This  close  agreement  shows  that  the  measures  were 
carefully  made;  and  the  average  adopted,  962-32  metres,  is  probably 
not  in  error  by  5 centimetres.  The  temperature  of  the  air  was  12-5°  C., 
and  would  cause  but  a slight  correction  if  the  tape,  as  usually  made, 
were  correct  at  ordinary  temperatures.  No  temperature  correction 
was  introduced.  White  flags  were  planted  at  the  ends  of  the  base  line 
and  the  stations  called  B (north  end)  and  A (south  end).  The  stations 
A and  B were  then  determined  trigonometrically.  Angles  were  taken 
from  these  stations  and  from  D,  Camp,  E,  and  K.  The  transits  used 
were  Casella  120  and  3123,  having  2|-inch  horizontal  and  vertical 
circles  reading  to  minutes  by  two  verniers,  and  telescopes  magnifying 
5 J times.  The  angles  were  measured  several  times ; the  sum  of  the 
three  angles  of  the  various  triangles  differed  on  an  average  about  2' 
from  180°.  The  excess  or  defect  was  divided  between  the  three  angles, 
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but  no  attempt  was  made  to  make  the  sum  of  the  angles  at  a particular 
station  equal  to  360°.  The  points  L.  M,  &4,  c2,  were  also  determined 
trigonometrically,  but  the  transit  was  not  set  up  at  those  points.  The 
following  are  some  of  the  distances  thus  determined  (A — B is  the  base 
line  measured) : 

Metres. 

A — B 962-32 

E-  .D  2492-2 
D Camp  819  26 
E Camp  2201-2 
D — L 3091-0 
E — L 4110-2 

The  distance  D — E was  determined  through  the  four  triangles  B,  D, 
E;  K,  D,  E ; Camp,  D,  E;  and  A — B,  D,  E;  the  other  two  sides  of 
each  of  these  triangles  having  been  already  determined.  The  average 
gives  2492*2  as  in  the  table,  which  is  probably  true  to  the  fourth  figure. 
At  E and  at  D cairns  of  stones  were  made  surrounding  the  flag.  These 
cairns  were  about  four  feet  high,  and  were  made  of  the  largest  stones 
that  we  could  move,  so  piled  up  as  to  hold  the  flags  firmly  in  their 
midst.  I think  they  will  remain  if  unmolested  five  or  ten  years,  and 
will  serve  to  connect  our  map  with  any  future  surveys  that  may  be 
made  in  this  region.  If  these  cairns  should  not  last  I think  the  two 
peaks,  Mount  Wright  and  c4,  would  make  the  best  points  of  connection. 
The  former  on  the  east  side  of  Muir  Inlet  can  not  be  mistaken;  the 
latter  is  a sharp  peak  with  symmetrical  shoulders,  and  when  seen  from 
the  end  of  the  glacier  is  slightly  to  the  west  of  the  entrance  of  Granite 
Canon.  It  is  the  highest  peak  in  its  neighborhood. 

The  meridian  line  was  determined  near  our  camp  in  connection  with 
observations  for  magnetic  declination,  but  it  was  not  determined  at  any 
of  our  trigonometric  stations,  and  therefore  we  must  determine  the 
orientation  of  our  map  graphically.  This  gives  for  the  direction  of 
the  line  E — D,  £T.  41°  43'  E.  (astron).  The  error  is  probably  not  more 
than  5'. 

Altitudes  were  determined  trigonometrically  with  respect  to  Camp 
Muir,  and  8 metres  (the  estimated  height  of  the  latter  above  mean  tide) 
added.  The  following  are  some  of  these  altitudes : 


Camp  Muir, 

Ale t res. 
8 

Mount  Case, 

Metres. 
1 679 

E, 

271 

Wright, 

1 507 

D, 

32-5 

H, 

1 678 

A, 

53 

C2, 

1 995 

B, 

59 

d2y 

2 175 

Pyramid  Peak, 

1 240 

dA, 

1473 

We  expected  to  determine  many  altitudes  by  simultaneous  observa- 
tions of  the  barometer  at  camp  (mercurial  barometer  1738,  Coast  and 
Geodetic  Survey)  and  of  the  aneroids  at  other  points.  But  the  latter 
instruments  worked  so  unsatisfactorily  that  few  of  our  barometrical 
altitudes  were  reliable.  Only  the  reliable  ones  have  been  entered  on 
the  map. 


Metres. 

D — M 1075-6 
E— M 19732 
M— L 2444-7 
E— b\  23713 
E — c2  28865 
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II. — BY  PLANE  TABLE. 

The  instrument  used  was  Plane  Table  No.  81  of  the  U.  S.  Coast  and 
Geodetic  Survey.  The  table  itself  was  39  by  49  centimetres.  The  top, 
alidade,  and  tripod  complete  weighed  about  40  pounds,  and  was  very 
clumsy  to  carry. 

The  scale  of  the  map  was  1-99300.  This  was  changed  to  1-100000 
for  the  final  map.  I have  carefully  abstained  from  filling  in  uncertain 
portions  of  the  map  conjecturally;  I have,  however,  in  some  places 
added  with  dotted  lines  the  ridges  or  peaks  whose  positions  were 
roughly  determined,  also  the  boundaries  of  some  small  tributary  gla- 
ciers, when  the  positions  of  the  surrounding  ridges  made  it  probable 
that  no  serious  error  could  be  made.  Contour  lines  of  200  feet  were 
added  on  the  glacier  to  show  the  general  shape  of  its  surface,  but  they 
pretend  to  no  accuracy. 

The  survey  was  begun  at  E and  H.  The  point  H,  though  not  de- 
termined trigonometrically,  had  its  position  fixed  as  soon  as  some  trigo- 
nometric stations  were  plotted  in.  The  plane  table  was  also  set  up  at 
Camp,  D,  L,  M,  O,  P,  R,  N,  S,  T,  and  Y ; the  positions  of  all  these  sta- 
tions except  the  first  four  being  determined  by  the  three-point  method, 
by  aid  of  mountain  peaks,  which  had  already  been  plotted  in.  The 
points  determined  by  plane  table  or  trigonometrically  are  marked  thus: 
©,  on  the  map.  I do  not  think  any  of  these  points  are  out  of  their  true 
position  by  1%  of  their  distance  from  E.  At  each  of  the  stations  Y, 
O,  P,  R,  N,  and  T,  a number  of  photographs  were  taken  in  different 
directions.  These  have  been  very  useful  in  working  up  details  of  topog- 
raphy, and  in  some  instances  have  served  to  fix  with  considerable  accu- 
racy the  position  of  certain  peaks  and  thus  the  direction  of  some  ridges. 
I have  also  made  a map*  of  the  northern  part  of  the  Muir  Inlet  on  a 
scale  of  1-20000.  This  map  shows  pretty  well  the  general  topography  of 
this  region,  and  also  the  position  of  the  ice-front  at  various  dates.  It  also 
shows  where  we  planted  our  flags  for  measuring  the  motion  of  the  ice. 
This  work  was  carried  out  with  great  care.  The  greatest  velocity  we 
found  was  2.2  metres  a day  for  Flag  61.  The  side  flags  showed  scarcely 
any  motion. 

Geographical  position. — The  latitude  of  our  camp  was  determined  by 
the  following  observations  on  the  meridian  altitude  of  the  sun,  made 
with  the  Casella  2|-inch  transit  No.  120: 


Date. 

Station. 

Latitude  of 
station. 

Latitude  of 
Camp  Muir. 

1890. 

0 

/ 

0 / 

July  13 

Camp  Muir, 

58 

497  5 

58  49-75 

16 

E, 

58 

5o-25 

58  49-75 

17 

K, 

58 

5050 

58  49-5o 

Sept.  8 

Camp  Muir, 

58 

5o 

58  50 

* See  Nat.  Geographic  Magazine,  Vol.  iv,  Plate  15, 
H.  Ex.  43,  pt.  2—32 
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This  gives  an  average  of  58°  49/.7  for  Camp  Muir.  Our  instruments 
read  to  minutes,  so  that  this  average  can  not  be  relied  on  closer  than  a 
half  minute,  though  I do  not  think  the  error  is  greater  than  this.  This 
would  make  the  latitude  of  E 58°  50'. 5. 

No  satisfactory  determination  of  longitude  was  made.  When  we  first 
went  into  camp  the  chronometer  was  unfortunately  allowed  to  run 
down;  and  when  we  left,  it  stopped  without  any  apparent  reason.  An 
attempt  was  made  to  determine  longitude  by  comparing  our  chronome- 
ter with  those  of  the  steamers  of  the  Pacific  Coast  Steamship  Company, 
which  brought  tourists  every  week  to  see  the  glacier;  but  these  chro- 
nometers diifered  so  much  among  themselves  that  no  reliance  could  be 
put  on  the  result. 

Mr.  Junken,  of  the  Coast  Survey,  by  reference  to  the  best  map  of  the 
region,  which  is  somewhat  conjectural,  has  given  me  as  the  longitude 
of  our  camp  136°  8'  west  of  Greenwich,  which  he  thinks  is  not  in  error 
more  than  5'.  I have  adopted  136°  5 ' west. 

The  eastern  limit  of  the  region  surveyed  must  lie  between  12  and  20 
kilometres  from  the  shore  of  Lynn  Canal,  and  probably  the  mountains 
on  the  east  of  our  map  are  visible  from  Sullivan  Island.  Davidson  Gla- 
cier must  have  tributaries  in  the  mountains  which  close  up  Granite 
Canon.  Whether  or  not  one  of  its  tributaries  connects  by  a compara- 
tively low  divide  with  the  First  Northern  Tributary  of  Muir  I can  not 
say;  but  it  does  not  seem  impossible.  If  there  is  any  such  connection 
between  these  two  glaciers,  the  point  indicated  is  where  it  will  undoubt- 
edly be  found. 

Magnetic  observations. — These  were  made  with  the  Bache  Fund 
Magnetometer  and  Dip  Circle  No.  12  (of  about  24  centimetres  diam- 
eter), both  belonging  to  the  Coast  and  Geodetic  Survey.  The  magnetom- 
eter was  not  'adapted  for  determining  deflections,  but  only  for  declina- 
tions and  oscillations.  For  the  latter  a mean  time  chronometer  (No. 
1285,  Coast  and  Geodetic  Survey),  was  used.  The  moment  of  inertia  was 
determined  in  the  field.  For  this  purpose  a special  stirrup  was  made. 
The  upper  bar  of  the  stirrup  was  cylindrical,  2 millimetres  in  diameter, 
and  carried  two  small  brass  cylinders,  which  could  slide  on  it  so  as  to 
press  against  stops  near  the  center  of  the  bar  (cylinders  “in”),  or 
against  stops  at  the  ends  of  the  bar  (cylinders  “out”).  The  moment 
of  inertia  of  the  system  could  thus  be  altered  by  a definite  amount  (the 
increase  was  about  four-fifths  of  the  moment  of  inertia  with  cylinders 
“in”)  without  changing  the  mass.  The  masses  and  distances  between 
the  centers  of  mass  of  the  cylinders,  “in”  and  “out,”  were  determined 
in  the  laboratory  before  starting  on  the  expedition. 

The  variation  of  magnetic  moment  with  temperature  was  determined. 
Two  series  of  observations  gave,  respectively,  for  the  coefficient  of 
variation  for  1°  centigrade,  *00073  and  *00077.  The  mean  was 
adopted.  The  magnetic  moment  of  the  magnet  was  determined  some 
time  after  our  return;  and  I do  not  think  the  values  of  the  horizontal 
and  total  forces  can  be  relied  on  more  closely  than  1 or  2 per  cent. 
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Quantities  given  in  this  report  are  in  Coast  and  Geodetic  Survey 
units  (C.  G.  S).  In  the  observations  for  declination,  the  astronomical 
meridian  was  determined  by  afternoon  observations  on  the  sun. 

Special  tents  were  erected  for  the  magnetic  instruments  at  Camp 
Muir.  * The  magnetometer  was  80  and  the  dip  circle  60  metres  from  our 
tents.  During  the  observation  with  the  former  the  latter  was  about 
100  metres  distant. 


Magnetic  observations  at  Camp  Muir,  Glacier  Bay,  Alaska . 


Date. 

Declination.* 

Daily  approxi- 
mate range. 

Dip. 

Horizontal  in- 
tensity. 

Total  in- 
tensity. 

1890. 

0 

/ 

/ 

0 / 

Aug.  22 
2 3 

75  49-8 

•150 

Sept.  5 

27*8 

75  5i7 

8 

— 30 

6-9 

9 

— 30 

26-1 

8-4 

10 

— 30 

24-1 

5-4 

Mean, 

— 30 

26 

6-9 

75  5o-8 

0 

U-> 

6 

0-614 

* The  negative  sign  means  easterly  declination.  The  observations  were  made  by  the  writer. 


Meteorological.— Regular  observations  were  made  under  the  direction 
of  Mr.  Cushing,  and  a complete  record  sent  to  the  U.  S.  Signal  Service. 
The  barometer  used  was  No.  1738  of  the  Coast  and  Geodetic  Survey. 
The  maximum,  minimum,  wet,  and  dry  bulb  thermometers  were  lent  me 
by  Prof.  Whitman,  of  Adelbert  College.  The  rain  gauge  was  lent  by 
the  Signal  Service. 

A short  summary  of  these  observations  is  appended.* 


0 

OO 

Temperature. 
(Fahrenheit  scale.) 

Barometer. 

(Inches.) 

Rain- 

fall. 

Mean 

humidity. 

Mean. 

Max. 

Min. 

Mean. 

Max. 

Min. 

July. 

Aug. 

0 

45*2 

45-i 

0 

6r  1 
63-9 

0 

35’4 

27-2 

30-089 

30-123 

30*335 

30-418 

29-565 

29-787 

3- 06 

4- 88 

82-2 

83 

LIST  OF  INSTRUMENTS  LENT  BY  THE  U.  S.  COAST  AND  GEODETIC 

SURVEY. 

Two  Casella  Theodolites  (Nos.  120  and  3123). 

Two  Telemeters  (No.  81). 

One  20-metre  Steel  Tape  (No.  23). 

One  Plane  Table  (No.  81). 

* For  ’an  account  of  other  observations  made  on  this  expedition  see  Studies  of  Muir 
Glacier  in  the  Nat.  Geog.  Mag.;  Vol.  iv. 
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One  Baclie  Fund  Magnetometer. 

One  Mean  Time  Chronometer  (No.  1285). 

One  Dip  Circle  (No.  12). 

One  Artificial  Horizon  (No.  30). 

One  Mercurial  Barometer  (No.  1738). 

One  Prismatic  Compass  (No.  108). 

Two  Draw  Telescopes  (Nos.  114  and  116). 

One  Clinometer  (No.  3). 

TwoNegretti  & Zambra  Deep-Sea  Thermometers  (Nos.  66727 
and  57080). 

Two  Casella  Aneroid  Barometers  (Nos.  1098  and  2738). 

The  telemeters,  artificial  horizon,  and  deep-sea  thermometers  were 
not  used. 

In  addition  to  these  a transit  and  several  other  in struments  belonging 
to  the  Case  School  of  Applied  Science,  and  a number  of  thermometers, 
aneroids,  compasses,  etc.,  belonging  to  various  members  of  the 
expedition,  were  taken  with  us. 

MAGNETIC  OBSERVATIONS  AT  CLEVELAND,  OHIO,  1891. 

The  following  observations  of  the  magnetic  elements  were  made  at 
Cleveland  on  April  6 and  26,  May  30  and  31,  and  June  1,  1891.  The 
station  was  the  pier  in  the  grounds  of  the  City  Hospital,  which  forms 
the  north  end  of  the  meridian  line  laid  down  by  the  IT.  S.  Coast  and 
Geodetic  Survey.  This  is  the  station  occupied  by  the  Coast  Survey 
party  in  1871  and  1880.  It  is  not  far  from  the  hospital  building  and 
within  200  yards  of  the  railroad.  A passing  train  did  not  seem  to 
deflect  the  needle  more  than  a minute  of  arc. 

The  instruments  used  were  Dip  Circle  No.  12,  and  the  Bache  Fund 
Magnetometer,  both  belonging  to  the  Coast  and  Geodetic  Survey.  A 
small  tent  was  erected  to  protect  the  instruments  from  the  wind  and 
rain. 

The  magnetic  moment  of  the  magnet  was  determined  at  the  Case 
School  of  Applied  Science  April  6 and  on  May  26.  The  needle  was 
oscillated  again  at  the  same  point  on  June  9,  and  the  product  mH  (from 
the  two  sets  of  observations)  differed  about  1 per  cent.  This  is  within 
the  limit  of  errors  of  observations.  The  stirrup  supporting  the  magnet 
with  the  two  movable  cylinders  was  the  same  that  was  used  in  the 
observations  at  Camp  Muir,  Alaska,  in  the  summer  of  1890. 

The  dip  was  determined  on  May  31,  and  June  1,  the  values  obtained 
being  72°  34'  and  72°  44'  respectively;  mean  72°  39'.  This  is  less  than 
the  former  values  (1880)  obtained  here  by  nearly  half  a degree,  but 
only  IF  less  when  compared  with  the  observations  of  1888  as  deter- 
mined by  the  IT.  S.  Coast  and  Geodetic  Survey.  The  secular  change  is 
diminishing  the  dip. 
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The  meridian  line  laid  down  by  the  Coast  and  Geodetic  Survey  was 
used,  and  no  astronomical  observations  were  made  for  declination 
determinations.  These  were  obtained  from  maximum  and  minimum 
elongations. 

Declination  obtained. 


Date. 

Mean 

declination. 

Apparent 
daily  range. 

1891 

0 / 

. 

May  30 

2 18-4  W 

16 

May  31 

2 18-3  W 

10 

June  1 

2 19-0  W 

9 

Mean 

2 19  W 

12 

This  declination  is  about  one-third  of  a degree  greater  than  predicted 
in  Appendix  7,  U.  S.  Coast  and  Geodetic  Survey  Report  for  1888,  p. 
264,  but  only  12'  greater  than  the  revised  expression* *  for  the  secular 
variation  sent  me  from  the  Survey  Office,  and  which  includes  my 
observation. 

The  horizontal  intensity  was  found  from  observations  on  April  6 and 
26  to  be  T833  and  *1825,  average  0T83,  which  is  probably  not  in  error 
more  than  1 or  2 per  cent.  The  total  intensity  is  0*614  of  a dyne. 

The  nearness  of  the  hospital,  the  iron  railings  around  the  grounds, 
and  the  railroad,  now  make  this  station  an  undesirable  one  for  mag- 
netic observations. 


o o o o 

*D  = -J-0,77 -f- 2*53  sin.  (1*3  m — 21-6),  where  w=year  of  observation — 1850. 


APPENDIX  No.  IS— 1891. 


DETERMINATIONS  OF  GRAVITY  WITH  THE  NEW  HALF-SECOND  PENDU- 
LUMS OF  THE  COAST  AND  GEODETIC  SURVEY  AT  STATIONS  ON  THE 
PACIFIC  COAST,  IN  ALASKA,  AND  AT  THE  BASE  STATIONS,  WASHING- 
TON, D.  C.,  AND  HOBOKEN,  N.  J. 


By  T.  C.  Mendenhall,  Superintendent. 
Completed  for  publication  June  25,  1892. 


In  previous  reports*  the  operations  of  the  Survey  in  the  determina- 
tion of  the  force  of  gravity  are  presented  in  more  or  less  detail.  The 
methods  in  use  were  essentially  those  that  had  found  favor  in  Europe  as 
well  as  in  this  country  during  the  last  half  century.  The  work  was  for 
the  most  part  done  under  the  direction  of  0.  S.  Peirce,  assistant,  who 
made  numerous  and  important  contributions  to  both  the  theory  and 
practice  of  gravity  research.  The  active  interest  of  the  Survey  in  this 
subject  began  about  1873. 

The  numerous  and  often  extensive  discrepancies  between  geodetic 
and  astronomical  positions  indicated  the  importance  of  and  necessity 
for  the  investigation,  and  the  bearing  of  the  results  upon  geological 
problems  adds  additional  interest  to  it.  Much  valuable  experimental 
work  was  done  and  a number  of  stations  occupied,  including  several 
in  the  old  world,  from  the  beginning  of  the  work  up  to  1890.  Some 
form  of  pendulum  whose  period  was  approximately  one  second  was 
used,  together  with  a clock  having  a seconds  pendulum;  the  method  of 
coincidences  and,  for  a few  years,  that  of  chronographic  registration 
having  been  adopted  in  determining  the  period  of  the  gravity  pendulum. 

Reversible  pendulums  were  generally  made  use  of,  but  the  measure- 
ments were  in  the  main  differential  and  not  absolute. 

A serious  difficulty  in  the  way  of  continuing  the  investigation  on 
this  basis  was  its  cost,  when  considered  in  connection  with  the  number 
of  stations  occupied.  The  instrumental  outfit  of  a party  was  large  and 

# Annual  Reports  for  tbe  following  years:  1876,  Appendix  No.  15;  1881,  Nos.  14, 
15,  16,  and  17;  1882,  No.  22;  1883,  Nos.  17  and  19;  1884,  Nos.  14,  15,  and  16;  1885, 
Nos.  16  and  17;  1888,  No.  14;  1890,  No.  12,  and  1891,  No.  13. 
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not  easy  to  transport;  much  was  required  in  the  way  of  the  prepara- 
tion of  a station,  and  thus  a single  determination  involved  the  expendi- 
ture of  so  much  time  that  it  was  extremely  desirable  to  devise  some 
means  of  more  rapid  working,  especially  if  this  could  be  done  without 
material  sacrifice  of  that  accuracy  which  the  nature  of  the  problem 
demanded. 

It  was  agreed  that  a great  reduction  in  the  magnitude  and  com- 
plexity of  the  instrumental  outfit  of  a party  could  be  made  by  using  a 
pendulum  vibrating  in  a half  second,  and  substituting  a chronometer 
for  the  clock.  A short  pendulum  had  already  been  used  with  success 
in  Europe  by  Yon  Sterneck,  and  the  chronometer,  which  commends 
itself  especially  by  its  great  portability,  had  been  used  instead  of  a 
clock  by  many  experimentalists,  both  in  this  country  and  Europe. 

It  seemed  altogether  wise  to  make  use  of  the  method  of  coincidences 
in  measuring  the  period  of  the  pendulum,  and  also  that  some  optical 
method  of  doing  this  was  preferable  to  any  other.  It  was  determined 
that  invariable  non-reversible  pendulums  should  be  used,  except  at  a 
limited  number  of  base  stations,  where  absolute  values  of  the  force  of 
gravity  should  be  obtained  by  the  use  of  reversible  pendulums  or  by 
some  other  method. 

In  the  elaboration  of  the  plans  for  the  work  many  valuable  sugges- 
tions were  secured  from  Mr.  C.  A.  Schott,  Mr.  Edwin  Smith,  and  Mr. 
E.  D.  Preston,  assistants,  the  two  latter  having  had  large  practical 
experience  in  gravity  work;  and  in  designing  and  constructing  the 
apparatus  the  services  of  Messrs.  Smith  and  Preston,  together  with 
Mr.  E.  G.  Fischer,  chief  mechanician,  and  Mr.  G.  R.  Putnam,  aid,  IT.  S. 
Coast  and  Geodetic  Survey,  were  invaluable  in  securing  the  realization 
of  the  proposed  improved  devices,  as  well  as  in  the  suggestion  and  in- 
vention of  many  of  them.  A number  of  experimental  studies  of  the 
use  of  the  short  pendulum  were  made  by  Mr.  Preston,  and  the  final 
result  was  the  adoption  of  the  form  of  apparatus,  a detailed  description 
of  which  has  been  prepared  by  Mr.  Putnam,  and  is  as  follows: 

DESCRIPTION  OF  APPARATUS. 

The  new  pendulum  apparatus  consists  of  a set  of  three  quarter -metre 
pendulums,  a dummy  or  temperature  pendulum,  an  air-tight  receiver  in 
which  the  pendulums  are  swung,  a flash  apparatus,  wherein  an  electro- 
magnet in  the  circuit  of  a chronometer  moves  a shutter  and  throws  out 
a flash  of  light  each  second,  a telescope  for  observing,  mounted  above 
the  flash  apparatus,  and  various  accessories,  such  as  small  air  pump 
for  exhausting  receiver,  break-circuit  chronometer,  barometer,  batteries, 
etc.  These  instruments  are  shown  in  the  accompanying  illustrations,* 
as  follows:  Nos.  23  and  24  show  the  complete  apparatus  (except 
barometer)  from  opposite  sides.  No.  25  shows  the  dummy  on  the  left 

*Tlie  small  letters  refer  to  tke  various  parts  in  illustration  No.  26. 


HALF-SECOND  PENDULUMS. 

Side  view  (right)  of  receiver,  flash  apparatus,  etc. 
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HALF-SECOND  PENDULUMS. 

Side  view  (le^t)  of  receiver,  flash  apparatus,  etc. 
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and  the  three  pendulums  on  the  right.  In  Fig.  2 the  pendulum  is 
shown  suspended  from  the  planes  on  which  it  swings  (the  plate  being 
removed  from  the  receiver) , and  in  Fig.  4 the  handle  and  manner  of 
lifting  the  pendulum  are  represented.  Ho.  26,  Figs.  4 and  5,  are  side 
elevations  (one-quarter  full  size)  of  the  flash  apparatus  and  receiver, 
with  the  sides  cut  away  so  as  to  exhibit  the  arrangement  of  the  interior. 
Figs.  6 and  7 are  sections  (twice  full  size)  on  a vertical  central  line  of 
the  front  of  the  flash  apparatus  box,  to  show  the  movement  of  the 
shutters,  as  will  be  further  described. 

The  receiver. — The  body  of  the  receiver  is  a heavy  brass  casting, 
with  walls  7 millimetres  thick,  and  of  inside  dimensions  17  centimetres 
square  at  the  top,  21  by  28  centimetres  at  bottom,  and  38  centimetres 
high.  The  cover  (k)  makes  an  air-tight  joint  when  a little  tallow  is 
applied  to  the  contact  surfaces,  and  may  be  screwed  down  when 
necessary.  A portion  of  the  main  casting  forms  a solid  shelf  (n), 
extending  entirely  across  the  receiver  on  one  side,  but  having  in  it 
openings  through  which  the  pendulum,  dummy,  and  lever  (o)  hang. 
This  shelf  carries  on  one  side  a plate  on  which  the  dummy  pendulum  is 
supported  (not  shown),  and  on  the  other  the  plate  (m)  resting  on  the 
shelf  on  three  points  and  screwed  to  it.  This  plate  has  embedded  in  it 
the  agate  planes  on  which  the  pendulum  swings,  and  holds  the  pivots 
for  the  lever  used  in  lowering  and  raising  it.  The  plate  (m)  has 
screwed  to  its  face  an  adjustable  piece  ( g ) holding  the  fixed  mirror, 
which  is  so  adjusted  that  the  images  of  the  slit,  as  seen  in  the  observ- 
ing telescope,  reflected  from  this  mirror,  and  from  that  on  the  pendulum 
when  hanging  freely  at  rest,  will  appear  to  be  in  the  same  horizontal 
line,  and  slightly  overlap  each  other. 

The  horizontality  of  the  agate  planes  is  tested  by  means  of  a sensitive 
level  mounted  over  a knife  edge,  similar  to  those  of  the  pendulums,  and 
having  a suspended  weight  to  bring  the  center  of  gravity  below  the 
planes.  This  is  placed  and  reversed  on  the  planes  in  the  same  manner 
as  a pendulum.  The  adjustment  is  made  with  the  three  heavy  foot 
screws  on  which  the  receiver  stands,  two  levels  mounted  on  the  out- 
side being  used  in  bringing  the  receiver  to  an  approximately  correct 
position.  These  outside  levels  are  also  read  after  the  final  adjustment 
has  been  made,  and  any  change  in  level  during  a day’s  observations  is 
detected  and  corrected  through  them. 

The  pendulum  is  set  in  motion  or  stopped  by  the  arm  (r),  covered 
with  leather  at  the  point  of  contact,  which  is  worked  from  the  outside 
of  the  receiver  by  the  handle  shown  in  illustration  Ho.  23.  Adjustable 
screws  limit  the  motion  of  this  handle  in  each  direction,  so  that  it  may 
be  set  for  any  desired  amplitude  of  oscillation,  and  the  same  amplitude 
used  for  succeeding  swings. 

A millimetre  scale  for  reading  the  arc  of  oscillation  is  fastened  in  the 
bottom  of  the  receiver  immediately  under  the  point  of  the  pendulum, 
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and  is  graduated  from  zero  in  the  center.  A microscope  (not  shown) 
carrying  a mirror  to  throw  light  on  scale  and  point  is  mounted  opposite 
on  the  outside  of  the  receiver.  A white  line  on  the  point  of  the  pendu- 
lum is  bisected  by  a vertical  thread  in  the  microscope,  and  the  scale 
read  where  the  thread  intersects  it,  the  extreme  arc  on  each  side  of  the 
vertical  being  read  in  this  way.  The  pointing  of  the  microscope  is  con- 
trolled by  a quick-motion  screw. 

A manometer  is  placed  on  one  side  of  the  receiver,  one  end  open  to 
the  air  and  the  other  connected  with  the  interior  (No.  23).  The  scale 
reads  in  millimetres  from  zero  in  the  center.  A graduated  pipette  is 
provided  for  filling  the  manometer  with  mercury.  The  manometer  is 
removed  for  shipment.  Two  stop  cocks  (No.  24)  on  the  side  of  the 
receiver  afford  a means  of  connecting  with  the  air  pump  through  a 
rubber  tube.  Three  windows  are  provided  through  which  to  observe 
the  mirrors,  the.  arc  scale,  and  the  dummy  thermometer,  respectively. 
The  interior  of  the  chamber  is  covered  with  chamois  skin  to  protect  the 
pendulum  from  injury  should  it  accidentally  touch  the  walls  in  hand- 
ling. An  aligning  device  fits  on  the  top  of  the  receiver.  By  bringing 
the  telescope  into  range  with  two  crosses  on  this,  it  may  be  quickly 
placed  in  the  correct  position  for  observing,  so  that  the  image  of  the 
slit  as  reflected  from  the  mirrors  will  be  in  the  field.  The  stuffing 
boxes  for  the  lifting  screw  and  starting  lever,  as  well  as  the  joints  of 
the  windows,  are  constructed  in  such  a manner  as  to  make  the  receiver 
practically  air-tight. 

Pendulums. — Three  pendulums  constitute  a set,  the  advantage  of  this 
number  being  that  if  discrepancies  appear  in  the  results  the  one  at  fault 
may  be  detected.  Each  is  designated  by  a letter  showing  the  set  to 
which  it  belongs  and  its  individual  number ; the  three  used  in  the 
observations  included  in  this  report  being  Al,  A2,  and  A3.  The 
pendulums  are  made  of  an  alloy  of  aluminum  10  per  cent  and  copper  90 
per  cent,  a composition  which  experiment  proved  to  have  a very  high 
resistance  to  corrosion;  they  are  highly  polished  but  not  lacquered. 
Each  weighs  approximately  1 200  grammes*,  and  is  about  248  milli- 
metres in  length  from  the  center  of  the  bob  to  the  knife  edge.  The 
lengths  of  Al,  A2,  and  A3  differ  slightly,  however,  their  coincidence 
periods  at  Washington  being  at  ordinary  temperatures  about  4*8  min- 
utes, 5*5  minutes,  and  6*2  minutes  (sidereal),  respectively. 

* The  A pendulums  were  weighed  twice  in  1891,  and  the  following  results  are 
given  by  the  Office  of  Standard  Weights  and  Measures : 


March  14. 

October  30. 

Pendulum  Al. 
Pendulum  A2. 
Pendulum  A3. 

Grammes. 

1213*091 

II97-537 

1196-373 

Grammes. 

1213-096 

1197-548 

1196-376 

THREE  HALF-SECOND  PENDULUMS  AND  DUMMY  PENDULUM. 


U.  S.  Coast  and  Geodetic  Survey,  Report  for  1 891 . — Part  II. 


No.  25. 


REPORT  FOR  1891 PART  II. 


507 


Determinations  of  gravity  with  the  new  half -second  pendulums — Continued. 

The  stem  and  bob  are  designed  so  as  to  offer  little  resistance  to  the 
air  when  in  motion.  The  bob  is  solid,  and  is  9 centimetres  in  diameter 
and  4*5  centimetres  thick  at  the  center,  its  faces  being  spherical  sur- 
faces, as  shown  in  No.  25.  The  stem  of  the  pendulum  is  rectangular 
in  section,  4 by  14  millimetres,  with  rounded  edges,  and  is  rigidly  . 
fastened  to  the  head  and  the  bob. 

The  knife  edge  is  a continuous  piece  of  agate  passing  through  the 
head  of  the  pendulum  and  firmly  secured  to  it,  and  the  edge  proper  is 
formed  by  the  meeting  of  carefully  ground  faces  at  an  angle  of  about 
110°.  It  is  43  millimetres  in  length,  the  bearing  on  the  agate  planes 
on  which  the  pendulum  swings  being  about  12  millimetres  at  each  end. 
The  two  pieces  of  agate  forming  these  planes  are  rigidly  embedded  in  a 
heavy  brass  plate  (m)  already  mentioned,  and  ground  to  a single  true 
surface  after  they  are  in  position. 

A small  circular  mirror  is  set  in  each  side  of  the  pendulum  head.  A 
careful  adjustment  was  made  of  these  mirrors,  so  that  from  any  of  the 
pendulums  with  either  face  front  the  image  of  the  slit  will  be  reflected 
into  the  same  portion  of  the  field  of  the  observing  telescope  when  the 
latter  is  properly  placed. 

The  pendulum  is  carried  from  the  box  in  which  it  is  kept  to  the 
receiver  by  a double-jointed  handle  (illustration  No.  25,  Fig.  4),  which 
has  rubber-lined  hooks  fitting  under  pivots  on  either  side  of  the  head. 

It  is,  therefore,  never  necessary  for  the  hand  to  come  in  contact  with  the 
pendulum.  When  placed  in  the  receiver  the  pendulum  is  first  sus- 
pended upon  two  pivots  carried  on  the  end  of  the  lever  l , which  pivots 
fit  into  corresponding  sockets  in  portions  of  the  head  projecting  at 
either  end  over  and  beyond  the  knife  edge.  This  lever  is  moved  by  a 
screw  (q)  on  the  outside  of  the  receiver,  so  that  the  pendulum  may  be 
gradually  lowered  until  it  hangs  freely  upon  the  agate  planes,  or  may 
be  raised  therefrom,  the  object  being  to  avoid  injury  to  knife  edge  or 
plane,  which  would  be  likely  to  result  from  suspending  the  pendulum 
directly  by  hand.  A spring  holds  the  lever  against  the  end  of  the 
screw,  and  stops  limit  its  motion,  and  a device  (not  shown)  indicates 
on  the  outside  of  the  receiver  whether  the  pendulum  is  hanging  on  the 
planes  or  on  the  lever. 

The  temperature  of  the  swinging  pendulum  is  ascertained  by  means 
of  a dummy,  similar  to  the  others  in  material  and  dimensions,  save 
that  it  has  no  mirrors,  and  is  supported  upon  two  hard-rubber  knife 
edges  parallel  to  the  plane  of  the  bob,  and  has  a thermometer  fastened 
to  one  side  of  its  stem.  The  bulb  of  the  thermometer,  bent  back  for 
the  purpose,  is  packed  with  alloy  filings  into  a small  metallic  box,  and 
this  box  is  pressed  with  tinfoil  into  a slot  cut  in  the  stem  of  the  dummy 
immediately  above  the  bob,  a very  close  metallic  contact  between  the 
bulb  and  the  surrounding  metal  being  thus  attained.  The  dummy  is 
suspended  near  the  pendulum  and  is  prevented  from  oscillating  by  the 
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nature  of  its  support,  and  by  a fork  projecting  from  one  side  of  tbe 
receiver  and  bolding  it  firmly  near  tbe  bob. 

Flash  apparatus. — A light  metal  box  is  mounted  on  a stand  having 
both  vertical  and  azimuthal  movements  and  clamps,  and  carries  above 
it  an  ordinary  observing  telescope,  which  may  be  focused  for  objects  as 
near  as  four  feet.  This  apparatus  is  shown  in  Nos.  23  and  24,  and  with 
one  side  of  the  box  removed  in  illustration  No.  26  (Fig.  4).  This  box 
contains  an  electro-magnet  (a),  whose  coils  are  connected  with  the 
chronometer  circuit  through  the  binding  posts  (/),  and  whose  armature 
carries  a long  arm  (d),  projecting  through  an  opening  in  the  end  of  the 
box.  This  arm  moves  two  shutters,  t and  v (Figs.  6 and  7),  and  by  an 
ingenious  device  a flash  of  light  is  emitted  from  the  box  when  the 
circuit  is  broken,  but  not  when  it  is  closed.  This  arrangement  is 
shown  in  Fig.  6,  a vertical  section  of  the  front  of  the  box  and  shutters, 
showing  position  just  after  the  circuit  has  been  broken  and  the  arm  is 
rising,  and  in  Fig.  7 showing  position  when  circuit  has  closed  and 
arm  is  descending.  The  front  of  the  box  has  an  opening  containing  a 
piece  of  finely  ground  glass  for  defusing  the  light.  In  front  of  this  are 
fastened  two  pieces  of  metal  z,  leaving  a narrow  horizontal  slit  between 
them.  Behind  the  ground  glass  move  the  two  shutters,  t and  v,  in 
suitable  guides,  and  having  horizontal  slits  in  them  of  the  same  size  as 
that  between  the  pieces  2.  The  arm  d passes  through  the  upper  end  of 
these  two  shutters 5 t has  no  play  on  the  arm,  but  moves  directly  with 
it;  the  opening  in  v , however,  is  somewhat  longer  than  the  thickness  of 
the  arm,  so  that  it  does  not  move  until  the  arm  is  near  the  middle  of  its 
stroke.  A stop  prevents  the  slit  in  v from  descending  below  that  in  z , 
and  a friction  spring  holds  v so  that  it  moves  only  with  the  arm.  When 
the  circuit  is  closed  the  arm  d is  down  and  the  slit  t is  below  the  line 
of  slits  v and  2.  As  soon  as  the  circuit  is  broken  the  spring  li  causes 
the  arm  to  rise  and  the  slit  t passes  the  line  of  the  slits  v and  2,  emit- 
ting a flash  (position  shown  in  Fig.  6).  Before  the  end  of  its  stroke 
the  arm  also  lifts  the  shutter  v so  that  its  slit  is  no  longer  in  line  with 
z.  When  the  circuit  is  again  closed  the  arm  d is  pulled  down,  but  the 
slit  in  t is  opposite  that  in  z when  v just  commences  to  move  (position 
shown  in  Fig.  7),  so  that  the  three  slits  are  not  in  line  and  no  flash  is 
emitted.  It  is  thus  seen  that  the  three  slits  are  only  in  line  immedi- 
ately after  the  breaking  of  the  circuit,  and  only  one  flash  is  given  out 
each  second.  The  light  for  the  flash  is  furnished  by  a small  oil  lamp 
attached  to  one  side  of  the  box,  the  light  from  which  is  concentrated 
by  a lens  on  to  the  slit  after  being  reflected  by  a mirror  in  the  interior 
of  the  box  set  at  an  angle  of  45°. 

The  apparatus  is  also  arranged  to  use  the  spark  of  a Bulimkorff  coil 
instead  of  the  flash  from  the  slit.  The  chronometer  is  placed  in  the 
circuit  of  the  electro  magnet  as  before,  but  this  now  acts  as  a relay,  a 
platinum  tip  on  the  end  of  the  arm  d breaking  and  closing  the  primary 
circuit  of  a Bulimkorff  coil  as  it  rises  and  falls,  connections  being 
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made  through  the  binding  posts  i.  Platinum-tipped  screws  on  the 
posts  c are  the  terminals  of  the  secondary  coil,  between  which  a spark 
is  thrown  at  each  break  of  the  chronometer. 

The  entire  apparatus,  except  barometers  and  chronometers,  is  packed 
in  two  boxes,  one  38  by  19  by  16  J inches  in  size,  the  other  21  \ by  21  by 
17  inches,  weighing  together  about  360  pounds,  the  whole  being  quite 
convenient  for  transportation.  The  pendulums  and  dummy  are  packed 
in  a small  box  by  themselves,  lined  with  chamois  skin,  and  fitted  so  as 
to  relieve  them  of  any  strain.  The  thermometer  is  removed  from  the 
dummy  in  packing  so  as  to  avoid  any  danger  through  breakage  of  the 
thermometer  and  destruction  of  the  pendulums  by  amalgamation. 

USE  OF  THE  APPARATUS. 

One  of  the  principal  advantages  of  this  apparatus  is  the  ease  with 
which  it  may  be  used,  and  the  few  and  inexpensive  preparations  neces- 
sary for  its  installation.  The  latter  will  depend  in  some  degree  upon 
the  importance  of  the  station  to  be  occupied,  or  the  degree  of  accuracy 
intended  to  be  reached  in  the  results.  For  the  best  work,  a well- 
founded  brick  or  stone  pier  upon  which  the  vibration  chamber  may  rest 
is  essential.  The  flash  apparatus,  wdiich  is  distant  from  this  about  two 
metres,  may  be  placed  upon  any  convenient  support,  stability  not  being 
essential.  If  the  apparatus  can  be  placed  in  a room  of  nearly  constant 
temperature  the  results  will  be  more  uniform , but  if  sufficient  time  is 
allowed  before  swinging  for  the  pendulum  to  come  to  the  temperature 
of  its  chamber,  as  represented  by  the  thermometer  in  the  “ dummy,” 
this  is  not  essential.  The  correction  for  temperature  may  be  so  well 
known  that  results  obtained  at  temperatures  differing  widely  will  be  in 
close  accord  when  this  correction  is  applied.  The  work  may  be  done  in 
a very  small  room,  a ground  space  of  not  more  than  two  metres  square 
being  required.  The  room  should  be  somewhat  dark  in  order  that  the 
flash  may  be  easily  seen  in  the  field  of  the  telescope. 

In  the  Alaska  work  it  wa^  necessary  to  resort  to  the  most  primitive 
method  for  mounting  and  protecting  the  apparatus,  there  being  no 
facilities  for  a more  perfect  installation  and  no  time  for  making  it. 

A small  tent,  barely  large  enough  to  afford  room  for  the  observer 
after  the  apparatus  was  mounted,  was  used  for  protection  against  wind 
and  rain,  the  latter  occurring  almost  daily.  The  pendulum  chamber 
was  usually  mounted  on  a triangular  pyramidal  support  of  wood,  made 
of  three  stout  legs  forming  the  edges  of  the  truncated  pyramid, 
securely  joined  together  by  pieces  of  planking  on  the  faces  and  strong 
cross  braces  within.  The  height  of  the  support  was  about  40  centi- 
metres, and  the  three  levelling  screws  of  the  chamber  rested  on  the 
ends  of  the  three  corner  posts.  Sometimes  this  support  was  placed 
upon  a bare,  exposed  rock,  but  generally  it  rested  upon  the  ends  of 
three  pieces  of  heavy  scantling,  60  to  80  centimetres  long,  driven  into 
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the  ground  so  that  the  ends  were  flush  with  the  surface.  In  one  or 
two  instances,  especially  at  Sitka,  the  chamber  rested  directly  upon  the 
surface  of  exposed  rock,  the  wooden  support  not  being  used. 

This  support  was  thought  to  be  so  rigid  that  it  would  not  flex  or 
vibrate  when  the  pendulum  was  in  motion,  but  before  the  Alaskan 
series  was  completed  it  began  to  be  suspected,  and  it  was,  therefore, 
brought  to  San  Francisco,  where  a series  of  comparisons  was  made 
and  a correction  for  flexure  determined,  which  was  applied  in  all  cases 
where  the  wooden  stand  had  been  used. 

The  use  of  this  stand  made  it  possible  to  establish  and  disestablish 
a station  in  a very  short  time.  On  several  occasions  a single  day  was 
all  that  Avas  available,  and  even  in  so  short  a time  it  is  believed  that  a 
fairly  correct  value  of  the  force  of  gravity  was  obtained.  At  Yakutat 
Bay  the  outfit  was  landed  in  the  forenoon,  with  some  difficulty,  through 
the  surf.  A station  was  established,  two  swings  of  each  pendulum, 
six  in  all,  were  made,  the  instruments  packed,  taken  out  to  the  ship 
which  lay  at  anchor  some  distance  away  and  safely  put  on  board  ready 
for  leaving  in  the  evening. 

After  placing  the  support,  or  selecting  the  rock  or  pier  when  either 
is  available,  the  chamber  is  lifted  out  of  its  packing  box  and  put  in 
X)osition.  It  is  then  leveled,  and  the  relation  between  the  agate  planes 
and  the  exterior  level  is  determined  by  means  of  the  small  pendulum 
level  already  described.  The  “dummy”  is  then  put  in  place  and  the 
first  pendulum  to  be  swung  is  placed  in  the  chamber  on  the  “lifter,” 
that  it  may  come  to  the  normal  temperature  as  soon  as  possible.  The 
thermometer  belonging  to  the  dummy  is  not  carried  with  it,  however, 
and  must  always  be  put  in  its  proper  place  before  the  dummy  is  put  in 
the  chamber. 

The  cap  is  placed  in  position  on  the  chamber,  the  surfaces  of  contact 
having  been  cleaned  and  a very  little  tallow  rubbed  upon  them.  By 
moving  the  cap  from  side  to  side,  under  considerable  pressure  from  the 
hands,  a good  joint  is  generally  produced  without  difficulty.  The 
manometer,  which  is  packed  separately,  is  ^ut  in  place  and  the  mercury 
poured  in  it.  The  air-pump  is  attached  and  the  pressure  in  the 
chamber  reduced  to  about  50  centimetres,  the  desired  reading  of  the 
manometer  being  ascertained  by  referring  the  barometer  reading  and 
the  temperature  within  the  chamber  to  a table  prepared  for  this 
purpose. 

The  flash  apparatus  is  next  put  in  position.  This  may  have  been 
done  approximately  by  means  of  the  index  described  above,  but  after 
a little  experience  this  will  be  discarded  and  the  telescope  will  be 
quickly  placed  by  reference  to  the  reflected  image  of  the  slit  from  the 
fixed  and  movable  mirrors  in  the  chamber.  When  this  adjustment  has 
been  completed,  the  chronometer,  placed  conveniently  so  that  its  face 
can  be  easily  seen,  is  connected  electrically  with  the  flash  magnet,  and 
if  the  images  of  the  illuminated  slit  are  sharp  and  properly  related  the 
apparatus  is  in  readiness  for  work. 
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In  beginning  an  observation  the  pendulum  is  lowered  into  its  place 
on  the  agate  planes,  is  carefully  drawn  aside  by  the  lever  arranged  for 
that  purpose,  and  allowed  to  rest  for  a few  moments.  As  nearly  as 
possible  in,  coincidence  with  a beat  of  the  chronometer  the  external 
arm  of  this  lever  is  quickly  pushed  back  to  its  place,  thus  setting  the 
pendulum  free  to  vibrate  through  the  desired  arc.  If  the  starting  is 
properly  made  there  will  be  plenty  of  time  for  the  observer  to  take  his 
place  at  the  telescope  before  the  first  coincidence  occurs.  As  soon  as 
this  is  observed  the  arc  of  vibration  is  read,  the  temperature  and 
barometric  pressure  noted,  and  the  height  of  the  mercury  in  the  two 
arms  of  the  manometer.  These  observations  can  usually  be  made  and 
recorded  before  the  time  arrives  for  the  second  coincidence,  the  interval 
being  about  four  minutes. 

It  is  customary  to  observe  the  first  four  and  the  last  three  of  a set  of 
twelve  coincidences,  and  at  the  middle  of  the  whole  time  the  tempera- 
ture, barometric  pressure,  manometer,  and  arc,  may  be  observed  and 
recorded 

At  the  end  of  the  set  these  readings  are  again  made  and  the  pendu- 
lum may  be  reversed,  or,  if  time  permits,  another  set  in  its  same  posi- 
tion may  be  made.  In  all  cases  the  same  number  of  sets,  direct  and 
reverse,  should  be  made  with  each  of  the  three  pendulums. 

The  apparatus  appears  to  resist  the  effects  of  rough  handling  very 
successfully.  A comparison  of  the  vibration  periods  of  the  pendulums, 
as  determined  in  Washington  in  March,  1891,  and  again  in  October  of 
the  same  year,  after  the  Alaska  campaign,  involving  a journey  of 
nearly  15  000  miles,  proves  that  their  constancy  may  be  depended  upon. 

GRAVITY  EXPERIMENTS  IN  1891. 

A visit  of  inspection  to  the  Pacific  Coast  and  Alaska  having  been 
planned  for  the  spring  and  summer  of  1891,  it  seemed  extremely  desira- 
ble to  take  advantage  of  it  for  the  purpose  of  testing  the  new  apparatus 
in  the  field,  and  especially  as  it  would  be  possible  in  this  way  to  obtain 
fairly  accurate  measurements  of  the  force  of  gravity  at  high  latitudes 
in  a somewhat  inaccessible  part  of  the  world.  The  finishing  of  the  first 
set  of  pendulums,  with  their  accompanying  apparatus,  was  somewhat 
hurried,  as  was  also  that  of  the  second  set,  which,  it  was  determined, 
should  be  carried  by  Mr.  Preston  to  the  Hawaiian  Islands,  where  he 
was  to  be  located  during  the  succeeding  year  for  the  purpose  of  making 
latitude  observations  in  co-operation  with  the  observer  sent  by  the  Inter- 
national Geodetic  Association.  Ho  essential  feature  was  overlooked, 
however,  and  the  first  swinging  of  the  pendulums,  away  from  Washing- 
ton, occurred  in  April  at  San  Francisco,  the  station  occupied  being  the 
small  observatory  of  the  IT.  S.  Coast  and  Geodetic  Survey  in  Lafayette 
Park,  in  that  city.  This  point  had  been  occupied  as  a gravitation  station 
by  previous  survey  parties,  the  Kater  pendulums  having  been  swung 
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here  by  Mr.  Edwin  Smith,  and  the  Peirce  pendulums  by  Mr.  Preston. 
It  therefore  furnished  a check  on  the  invariability  of  the  pendulums. 
Much  valuable  assistance  was  rendered  at  San  Francisco  by  Assistant 
George  Davidson,  and  by  Subassistant  Fremont  Morse,  who  accompa- 
nied the  writer  to  Alaska,  sharing  with  him  the  labor  and  responsi- 
bility of  all  the  work  on  the  Pacific  Coast. 

After  the  work  at  San  Francisco  was  completed,  the  apparatus  was 
shipped  to  Port  Townsend,  where  it  was  taken  on  board  the  Coast 
Survey  steamer  Patterson , Lieut.  Commander  H.  B.  Mansfield,  U.  S. 
Navy,  Assistant  U.  S.  Coast  and  Geodetic  Survey,  in  command,  and 
on  the  morning  of  April  23  the  party  sailed  for  Alaska. 

In  all  of  the  gravity  work  undertaken  during  the  journey  every  facility 
was  afforded  by  Capt.  Mansfield,  and  much  valuable  assistance  was 
received  from  the  officers  of  the  Patterson , who  evinced  a real  interest 
in  the  work  and  a willingness  to  do  whatever  could  be  done  to  aid  in 
its  success.  Especial  mention  should  be  made  of  the  executive  officer, 
Lieut.  Dorn,  who  looked  after  the  camp  outfit  and  under  whose 
directions  the  pendulum  equipment  was  always  put  ashore  or  brought 
aboard  ship,  not  only  with  promptness  but,  what  was  of  greater  im- 
portance, without  the  slightest  injury  to  the  apparatus  during  the 
entire  campaign.  Particularly  valuable  were  the  services  of  Ensign 
Poundstone,  who  made  such  time  observations  as  were  possible,  often 
under  the  most  unfavorable  and  disagreeable  conditions,  due  to  the 
almost  continuous  rains,  which  sometimes  prevented  the  seeing  of  a 
star  for  many  days  in  succession. 

The  gravity  work  done  in  Alaska  can  only  be  considered  as  secondary 
in  its  character.  It  was  subordinated  to  the  general  inspection  of  the 
coast  and  the  survey  of  the  same  in  which  the  Patterson  had  been 
engaged  for  several  years,  and  the  time  given  to  it  was  necessarily 
short.  In  no  case,  however,  are  there  less  than  six  independent 
swings,  each  of  the  three  pendulums  having  been  swung  twice,  and  it 
is  believed  that  an  examination  of  the  results  will  show  that  they  have 
sufficient  value  to  justify  the  labor  bestowed  upon  their  production. 

After  leaving  Alaska,  the  first  station  occupied  was  in  Seattle.  This 
point  was  reached  on  June  21,  and  on  the  evening  of  the  22d  the 
swinging  was  commenced.  The  pendulums  were  swung  in  a room  in 
the  basement  of  the  high  school  building,  for  which  permission  was 
kindly  granted  by  Mr.  Barnard,  superintendent  of  the  public  schools 
of  Seattle.  The  swinging  was  continued  through  the  night  as  well  as 
the  day,  the  observations  after  midnight  being  undertaken  by  Mr. 
Morse.  Valuable  assistance  was  here  rendered  by  Assistant  Pratt, 
who  was  stationed  at  Seattle  at  that  time.  Time  signals  from  the 
Mare  Island  Navy- Yard  Observatory  were  furnished  through  the 
courtesy  of  Mr.  Overbeck,  manager  of  the  Western  Union  Telegraph 
office.  The  attempt  was  made  to  secure  signals  from  the  Lick  Observa- 
tory, the  director,  Prof.  Holden,  having  kindly  offered  to  furnish 
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them,  but  this  was  prevented  by  a difficulty  in  the  connection  between 
Mount  Hamilton  and  San  Francisco. 

The  Lick  Observatory,  on  Mount  Hamilton,  was  reached  on  the 
afternoon  of  July  2,  and  by  the  evening  of  that  day  the  apparatus 
was  ready  for  use.  Through  the  courtesy  of  the  director,  Prof.  Edward 
S.  Holden,  this  station  had  been  occupied  by  Mr.  Preston  with  the 
Peirce  pendulums  in  1887,  and  by  the  same  courtesy  it  was  occupied 
on  this  occasion.  An  admirable  room  for  swinging  was  provided  and 
every  required  facility  was  offered.  Special  observations  for  time  were 
made  by  Mr.  Barnard,  and  nothing  was  left  undone  by  the  director 
and  his  staff  that  could  in  any  way  tend  to  insure  the  success  of  the 
observations  or  the  comfort  of  the  observers. 

On  the  8th  of  July  the  pendulums  were  again  at  the  observatory  in 
San  Francisco,  and  a series  of  swings  were  commenced,  extending 
through  several  days  and  including  a comparison  of  swings  on  the 
wooden  stand  used  in  the  Alaska  work  with  those  upon  the  brick  pier 
of  the  observatory.  The  work  was  done  for  the  most  part  by  Mr. 
Morse. 

On  the  afternoon  of  the  16th  of  July  the  apparatus  was  placed  on 
board  the  Fish  Commission  steamer  Albatross,  which  carried  Dr.  C. 
H.  Merriam,  of  the  Department  of  A griculture,  and  the  writer  as  repre- 
sentatives of  the  United  States  in  the  Joint  Commission  agreed  upon 
by  the  United  States  and  Great  Britain  for  the  purpose  of  studying 
and  reporting  upon  the  condition  of  seal  life  upon  the  Pribilof  Islands. 
Advantage  was  taken  while  on  the  islands  of  a single  day  in  which 
bad  weather  interrupted  other  work,  but  did  not  prevent  the  installa- 
tion of  the  pendulum  apparatus  and  the  swinging  of  each  of  the  three 
pendulums  two  hours  each.  A small  tent  was  used  as  a shelter  and 
the  chamber  was  mounted  on  a large  block  of  wood,  which  in  turn 
rested  directly  upon  the  surface  of  the  ground.  It  was  a very  solid 
and  stable  mounting.  The  conditions  at  this  station  in  other  respects 
were  not  favorable,  especially  as  regards  time.  The  dense  clouds  and 
fog  which  almost  constantly  hang  over  these  islands  made  time  observa- 
tions impossible,  but  in  this  matter  valuable  assistance  was  rendered 
by  the  executive  officer  of  the  Albatross , Lieut.  Carlos  G.  Calkins, 
who  made  comparisons  of  the  pendulum  chronometer  with  the  ship’s 
chronometers  during  the  passage  and  while  the  ship  was  lying  at  the 
Pribilof  Islands,  coming  ashore  with  a “hack”  chronometer  for  this 
purpose  while  the  observations  were  in  progress. 

In  October  the  pendulums  reached  Washington  and  were  again 
vibrated  at  the  Smithsonian  Institution,  about  half  of  the  observations 
being  made  by  Mr.  E.  G.  Fischer.  The  results  agreed  in  an  extremely 
satisfactory  manner  with  those  obtained  before  the  journey  to  the  west. 

In  November  they  were  swung  in  Hoboken,  in  the  room  in  the  base- 
ment of  the  Stevens  Institute,  which,  through  the  courtesy  of  the 
H.  Ex.  43,  ptf  2-^33 
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president,  Dr.  Henry  Morton,  has  been  at  the  service  of  the  Survey  for 
several  years  for  this  purpose.  The  work  was  greatly  facilitated  by 
the  kindness  and  co-operation  of  Prof.  Mayer  and  Dr.  Geyer,  in 
charge  of  the  departments  of  physics  and  electricity  in  the  institute. 

In  Hoboken,  as  well  as  in  all  of  the  work  in  Washington,  special 
time-signals  were  received  from  the  Naval  Observatory.  These  were 
sent  through  the  kindness  of  the  superintendent,  Capt.  F.  V.  McNair, 
and  to  insure  their  accuracy  special  observations  were  made  by  Prof. 
Brown. 

Time. — Several  different  chronometers  were  used  in  the  series,  and 
their  rates  were  determined  by  various  methods,  varying  greatly  in 
excellence.  The  chronometers  themselves  differed  much  in  quality.  It 
was  unfortunate  that  in  the  Alaska  work,  when  it  was  necessary  to 
rely  almost  entirely  on  the  constancy  of  rate  of  the  chronometer,  only 
an  inferior  instrument  was  available.  Negus  No.  1824,  an  excellent 
chronometer,  was  used  at  Washington  and  at  San  Francisco,  and  it 
was  intended  to  use  it  throughout  the  Alaska  work.  After  it  had 
reached  the  Patterson  it  was  found  to  have  suffered  a serious  injury, 
resulting  doubtless  from  an  accident  which  occurred  just  after  the  San 
Francisco  swings  were  finished.  It  was  necessary,  therefore,  to  make 
use  of  a mean  time  break-circuit,  No.  2490,  which  had,  fortunately, 
been  carried  along  to  provide  against  accident  to  the  better  instru- 
ment. Unfortunately  this  chronometer  was  unsteady  and  unreliable 
as  to  its  rate,  and  the  results  of  the  Alaska  tour  are  less  satisfactory 
than  they  would  have  been  had  it  not  been  for  this  accident. 

Unquestionably  the  element  of  time  is  by  far  the  weakest  in  these 
determinations,  even  under  the  most  favorable  conditions.  The  coinci- 
dence of  the  fixed  and  movable  flash  can  always  be  determined  within 
one  second.  An  error  of  one  second  in  the  time  of  ten  coincidence  in- 
tervals will  affect  the  period  of  the  pendulum  by  about  one  part  in  two 
millions.  It  will  thus  be  seen  that,  if  there  was  no  other  uncertainty, 
a swing  for  a single  hour  would  leave  nothing  to  be  desired.  Varia- 
tions due  to  the  effects  of  temperature  are  well  under  control,  and  the 
corrections  for  varying  density  of  the  air  in  the  chamber  may  be  made 
as  small  as  can  be  desired.  The  varying  rate  of  the  clock  or  chronom- 
eter is  the  one  thing  which  is  imperfectly  understood  and  controlled. 
The  pendulums  themselves  are  far  more  uniform  and  constant  in  their 
vibratory  periods  than  the  balance  wheel  of  the  chronometer;  are  much 
better  time  pieces  in  fact  than  the  standards  with  which  they  are  com- 
pared. It  is  well  known  that  a clock  may  have  a tolerably  uniform 
daily  rate,  while  its  hourly  rate  may  be  quite  irregular.  Besides,  the 
daily  rate  may  be  checked  quite  accurately  by  means  of  astronomical 
observations.  It  is,  therefore,  essential  that  whenever  an  accurate 
result  is  desired  the  swings  should  be  continuous  through  the  twenty- 
four  hours. 

The  irregularities  of  rate  may,  to  some  extent,  be  estimated  by 
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frequent  intercomparisons  of  several  chronometers  or  clocks.  This  is 
greatly  facilitated  by  the  method  employed,  as  is  shown  in  another 
part  of  this  paper  in  connection  with  the  proper  use  of  the  invariable 
pendulum  as  a time  standard.  Indeed  it  is  quite  possible  to  use  two  or 
three  chronometers  in  the  operation,  switching  one  after  the  other  into 
the  circuit  of  the  flash  -apparatus,  observing  the  coincidences  due  to 
each,  and  thus  determining  the  period  of  the  pendulum  in  reference  to 
each  of  the  several  timepieces.  For  differential  gravity  work  it  is 
possible,  however,  to  avoid  the  use  of  timepieces  altogether,  and  it  is 
likely  that  this  will  eventually  be  done  whenever  practicable 5 that  is, 
whenever  telegraphic  connection  between  two  stations  can  be  obtained. 
The  methods  to  be  adopted  will  be  given  in  some  detail  in  another  part 
of  this  paper.  A brief  description  of  the  method  of  determining  rates 
at  the  various  stations  here  under  consideration  is  given  below : 

RATES  OF  CHRONOMETERS. 

Washington,  D.  C.,  March,  1891. — Chronometer  Negus  1824  (sidereal)  was  used  in 
the  pendulum  observations,  and  its  rate  was  obtained  by  a comparison  with  the  Naval 
Observatory  clock  at  noon  each  day,  telegraphic  signals  being  received  and  recorded 
on  chronograph.  The  corrections  to  the  noon  signals  as  derived  from  time  observa- 
tions made  each  evening  were  communicated  by  Capt.  F.  V.  McNair,  Superintendent 
of  the  Naval  Observatory.  Nearly  all  of  the  pendulum  observations  were  made 
between  the  noon  signals  of  March  17  and  18,  and  the  rate  for  this  interval  was  used. 

San  Francisco,  Cal.,  April,  1891. — Chronometer  Negus  1824  (sidereal)  was  used  in 
pendulum  observations.  Time  observations  were  made  at  the  Lafayette  Park 
Observatory  on  the  evenings  of  April  9,  10,  11,  and  14,  by  Fremont  Morse,  sub- 
assistant, using  transit  No.  3 and  chronometer  3479  (sidereal).  Chronometers  1824 
and  3479  were  compared  through  mean  time  chronometer  5038  at  the  time  of  observa- 
tions each  evening,  and  also  several  times  each  day,  before,  after,  and  during  the 
pendulum  observations.  The  rate  for  each  swing  was  arrived  at  by  taking  a mean 
between  the  rate  for  a day  as  derived  from  the  evening  comparisons,  and  the 
rate  as  calculated  from  the  daily  comparisons,  usually  covering  an  interval  of  time 
including  two  or  three  swings. 

Port  Simpson,  British  Columbia. — Chronometer  2490  (mean  time)  was  used  in 
pendulum  observations.  On  April  22,  1891,  at  Port  Townsend,  Wash.,  one  of 
the  ship’s  chronometers,  H (sidereal)  was  taken  ashore  and  compared  with  time  sig- 
nals from  the  Naval  Observatory,  Mare  Island,  Cal.  H was  also  compared,  before 
and  after  taking  ashore,  with  the  three  mean  time  chronoffneters  C,  B,  and  G,  and 
thus  the  error  of  these  three  chronometers  on  Greenwich  mean  time  arrived  at.  At 
Port  Simpson,  on  April  29,  time  observations  were  made  by  H.  C.  Poundstone, 
Ensign,  U.  S.  Navy,  using  H and  Meridian  Instrument  No.  7,  and  after  the  observa- 
tions H was  compared  with  C,  B,  and  G,  and  their  errors  on  Greenwich  mean  time 
computed,  and  also  their  rates  from  the  22d  to  the  29th.  2490  was  compared  with 

C,  B,  and  G,  through  H,  before  and  after  the  pendulum  observations  on  the  29th, 
and  its  rate  calculated  from  the  rates  of  each  of  these,  and  the  mean  of  these  three 
values  adopted  as  the  rate  of  2490  at  Port  Simpson. 

Juneau,  Alaska. — Chronometer  2490  (mean  time)  was  used  in  pendulum  obser- 
vations. On  May  9 time  observations  were  made  by  Ensign  Poundstone  as  at 
Port  Simpson,  and  the  rates  of  C,  B,  and  G from  April  29  to  May  9 computed.  No. 
2490  was  compared  with  C,  B,  and  G through  H on  May  11  an<T  12,  before  and  after 
the  pendulum  observations  each  day,  and  the  mean  of  the  values  derived  from  the 
three  chronometers  adopted  as  the  rate  for  each  day. 
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Pyramid  Harbor,  Alaska. — Chronometer  2490  (mean  time)  was  used  in  pendulum 
observations.  Time  observations  were  made  on  May  17  and  18  by  Ensign  Pound- 
stone  at  Chilkat,  about  3 miles  from  Pyramid  Harbor,  using  Meridian  Instru- 
ment No.  7 and  chronometer  H as  before.  On  May  16  the  chronometers  C,  B,  and  G 
were  considerably  shaken  up  by  a passage  across  the  bay  in  a small  boat  during  a 
strong  wind.  The  rates  of  C,  B,  and  G,  derived  from  comparison  with  H at  the 
time  of  observaiions  of  the  17th  and  18th,  are  therefore  not  used,  it  being  considered 
that  they  had  not  settled  to  uniform  conditions  of  running,  but  rates  are  computed 
for  the  interval  from  May  9 (time  observations  at  Juneau)  to  May  17.  The  rate  of 
2490  is  obtained  from  comparison  with  C,  B,  and  G,  made  through  H,  on  May  15  and 
19,  before  and  after  the  pendulum  observations.  The  rate  at  this  station  must  be 
considered  as  somewhat  doubtful. 

Yakutat  Bay  and  Sitka. — Chronometer  2490  (mean  time)  was  used  in  pendulum 
observations.  Time  observations  were  made  at  Sitka  by  Ensign  Poundstone  on 
May  28  as  before.  Chronometer  H,  used  in  observing  time,  was  afterwards  com- 
pared with  C,  B,  and  G,  and  the  rates  of  C,  B,  and  G deduced  from  May  18  (time 
observations  at  Chilkat)  to  May  28.  2490  was  compared  with  C,  B,  and  G through 
H before  and  after  each  day’s  pendulum  observations  at  Yakutat  Bay  (May  22)  and 
Sitka  (May  26,  27,  and  28),  and  a rate  obtained  for  2 490  based  on  the  rates  of  C,  B, 
and  G. 

Wrangell  and  Burroughs  Bay. — Chronometer  2490  (mean  time)  was  used  in  pendu- 
lum observations.  The  preceding  rates  of  C,  B,  and  G (based  on  time  observations 
of  May  18  and  28)  were  used,  no  further  time  determinations  being  made;  2490  was 
compared  with  C,  B,  and  G through  H,  before  and  after  each  day’s  pendulum  obser- 
vations, at  Wrangell  on  June  1 and  2,  and  at  Burroughs  Bay  on  June  4 and  6,  and  a 
rate  obtained  for  2490  based  on  the  rates  of  C,  B,  and  G. 

Seattle,  Wash. — Chronometer  2490  (mean  time)  was  used  in  pendulum  observations. 
Noon  signals  were  received  by  telegraph  on  June  22,  24,  25,  and  26,  from  the  Naval 
Observatory,  Mare  Island,  Cal.,  and  recorded  in  the  time  of  chronometer  387 
(sidereal).  The  corrections  to  the  time  signals  were  communicated  by  Charles  F. 
Pond,  Lieutenant,  U.  S.  Navy;  387  was  compared  with  2490  each  day  before  and 
after  receiving  the  noon  signals,  and  also  before,  during,  and  after  the  pendulum 
observations.  The  rate  of  2490  was  calculated  between  , each  two  noon  signals,  and 
also  from  the  comparisons  made  before  and  after  the  pendulum  observations,  and 
the  mean  of  the  two  rates  thus  obtained  adopted  for  each  swing  according  to  its 
epoch. 

Mount  Hamilton,  Cal. — Negus  1720  (sidereal)  was  used  in  pendulum  observations. 
The  errors  of  1720  were  carefully  determined  at  the  Lick  Observatory  by  comparison 
with  the  standard  clocks  of  the  Observatory  at  frequent  intervals,  the  corrections  to 
these  clocks  being  determined  by  frequent  observations  during  the  entire  time  of  the 
swings.  The  rates  of  1720  between  these  comparisons  were  then  calculated  and 
plotted  for  the  middle  times  of  the  intervals,  a curve  drawn,  and  the  rate  for  each 
pendulum  swing  read  from  this  curve  according  to  the  middle  epoch  of  the  swing. 

San  Francisco,  Cal.,  July,  1891. — Chronometer  3479  (sidereal)  was  used  in  pendulum 
observations.  Time  observations  were  made  by  Fremont  Morse,  subassistant,  at 
Lafayette  Park  Observatory,  on  July  7,  10,  11,  and  14,  using  transit  No.  3 and 
Kessel’s  clock  No.  1449 ; 3479  was  compared  with  Kessel's  clock  on  the  chronograph 
at  the  time  of  observations  each  evening,  and  also  at  frequent  intervals  during  the 
pendulum  observations.  From  the  former  comparisons  a rate  for  each  day  was  de- 
duced, and  from  the  latter  a rate  for  each  interval  between  comparisons.  A mean 
of  these  rates  was  adopted  for  each  swing  according  to  its  epoch. 

St.  Paul  Island,  Bering  Sea. — Chronometer  2490  (mean  time)  was  used  in  pendulum 
observations.  The  errors  of  2490  were  derived  from  comparisons  with  the  ship’s 
chronometers.  There  is  considerable  uncertainty  as  to  the  rate  at  this  station. 

Washington,  D.  C.,  October,  1S91. — Chronometer  Negus  1589  (sidereal)  was  used  in 
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pendulum  observations.  This  chronometer  was  compared  four  times  a day  with  the 
E.  T.  clock  (sidereal)  at  the  U S.  Naval  Observatory,  by  means  of  telegraphic  signals 
received  on  chronograph.  The  errors  of  the  Naval  Observatory  clock  were  com- 
municated by  S.  J.  Brown,  professor,  U.  S.  Navy,  as  derived  from  time  observations 
made  by  him.  The  rate  of  1589  was  'calculated  for  each  interval  between  compari- 
sons, and  plotted,  and  the  rate  for  each  swing  taken  from  this  diagram. 

Hoboken,  N.  J. — Chronometer  Negus  1824  (sidereal)  was  used  in  pendulum  obser- 
vations. Telegraphic  time  signals  were  received  from  the  Naval  Observatory  at 
Washington  three  times  a day,  and  the  rate  for  each  swing  arrived  at  in  same  man- 
ner as  at  last  station.  The  errors  of  the  Naval  Observatory  clock  were  communicated 
by  Prof.  Brown  as  before,  based  on  his  own  time  observations,  and  on  comparisons 
with  other  standard  clocks. 

REDUCTIONS. 

The  periodic  time,  as  ascertained  from  the  coincidence  period,  must 
be  corrected  for  arc,  temperature,  pressure,  and  rate,  and,  in  the  case 
of  some  of  the  Alaska  stations,  for  flexure  of  wooden  stand.  It  is 
reduced  to  that  of  an  infinitely  small  arc.  The  standard  temperature 
is  15°  0.,  and  the  temperature  coefficient  was  ascertained  by  swing- 
ing the  pendulums  under  conditions  differing  considerably  in  that 
respect,  and  the  result  checked  by  a determination  of  the  coefficient  of 
expansion  of  the  metal.  The  standard  density  of  air  in  the  chamber 
was  that  of  50  centimetres  pressure  at  0°  0.,  and  this  standard  was 
generally  closely  realized  in  each  experiment.  The  corrections  for 
rate  hare  already  been  referred  to.  A detailed  explanation  of  the 
method  of  computing  and  applying  these  several  corrections  is  given 
by  Mr.  Putnam,  as  follows : 

EXPLANATION  OF  TABLES,  AND  METHODS  OF  REDUCTION. 

Position. — D (direct)  indicates  that  the  pendulum  is  swung  with  the  face  marked 
with  date  towards  the  observer.  R (reversed)  indicates  date  away  from  observer. 

Observer. — The  observers  are  designated  as  follows: 

M = T.  C.  Mendenhall. 

Mo  = Fremont  Morse. 

P = E.  D.  Preston. 

S = Edwin  Smith. 

F = E.  G.  Fischer. 

Pm  = G.  R.  Putnam. 

Ten  coincidence  intervals. — In  this  column  is  given  the  time  in  seconds  of  ten  coin- 
cidence intervals  for  each  swing.  The  method  of  observation  finally  adopted  was  to 
note  the  time  of  the  first,  second,  third,  fourth,  tenth,  eleventh,  and  twelfth  coinci- 
dences, the  first,  third,  and  eleventh  being  “down”  coincidences  (the  reflected 
image  from  the  pendulum  appearing  to  move  downward  across  the  field  of  the  tele- 
scope), and  the  second,  fourth,  tenth,  and  twelfth  “up”  coincidences  (image  appar- 
ently moving  up).  The  time  of  ten  coincidence  intervals  is  then  obtained  by 
subtracting  the  first  from  the  eleventh,  and  the  second  from  the  twelfth,  and  taking 
the  mean  of  these  two  results.  At  Washington,  in  March,  1891,  however,  the 
twelfth  coincidence  was  not  observed,  and  the  time  is  obtained  by  subtracting  the 
first  from  the  eleventh  coincidence. 

Semi-arc. — The  initial  and  final  semi-arcs  of  oscillation  for  each  swing  are  given, 
as  read  in  millimetres  on  the  scale  near  the  point  of  the  pendulum,  the  mean  of 
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readings  on  each  side  of  the  vertical  being  used.  (The  pendulum  at  rest  hangs  at 
or  near  the  zero  on  the  scale).  The  distance  from  this  scale  to  the  plane  on  which 
the  pendulum  swings  is  297  millimetres.  Scale  readings,  therefore,  indicate  angles 
with  the  vertical  as  follows : 


o / // 


3*0  millimetres 

= 0. 

34 

44 

3*5 

= 0 

40 

31 

4*0 

= 0 

46 

18 

4*5 

= 0 

52 

05 

5*0 

= 0 

57 

52 

Before  the  observations  at  Hoboken  were  made,  a small  telescope  was  mounted  on 
the  side  of  the  receiver,  so  that  the  arc  readings  could  be  made  with  greater 
accuracy. 

Temperature. — The  thermometer  (No.  6594)  on  the  dummy  was  read  at  the  begin- 
ning and  end  and  usually  in  the  middle  of  each  swing.  The  mean  of  these  readings, 
corrected  for  error  of  thermometer,  is  given.  The  corrections  to  thermometer  6594, 
as  determined  by  the  Office  of  Standard  Weights  and  Measures,  January,  1891,  are: 


o o 


At  0C. 

+ 0*10 

5 

+ 0*10 

10 

0*00 

15 

-0*03 

20 

0*00 

25 

— 0*03 

30 

-0*04 

35 

— 0*08 

Pressure. — The  barometer  and  manometer  were  read  at  the  beginning  and  end, 
and  usually  in  the  middle  of  each  swing,  and  the  means  of  these  readings  are  given. 
To  the  difference  between  the  barometer  and  manometer  is  then  applied  the  correc- 
tion for  reducing  the  barometrical  column  to  the  freezing  point,  and  this  pressure 
is  then  divided  by  1 -f  oc  where  t is  the  mean  temperature  in  degrees  centigrade, 
and  a is  *00367,  the  coefficient  of  expansion  of  air  for  one  degree  centigrade.  The 
Pr 

result  r— ; is  the  corresponding  pressure  at  a uniform  temperature,  0°  C. 

X •~ym  OC  t 

Uncorrected  period. — When  a sidereal  chronometer  is  used,  these  pendulums  make 
one  less  oscillation  than  twice  the  number  of  seconds  between  two  coincidences ; 

g 

therefore,  P = 2s"—'n  w^ere>  ^ Peri°d  in  seconds,  s is  the  number  of  seconds 

between  first  and  last  coincidences,  and  n is  the  number  of  coincidences  minus  one, 
or  the  number  of  coincidence  intervals.  When  n is  ten,  P = *5  + When  a 

mean  time  chronometer  is  used  the  pendulums  gain  on  the  chronometer,  and 


P = 2S  n an(l  where  n is  ten,  P = *5  — \8']^2  ^ean  time  periods  are  reduced  to 

sidereal  time  by  multiplying  by  1*00273791,  or  more  simply  by  adding  differences 
which  arc  first  tabulated  for  various  values  of  P. 

Arc  correction. — This  correction,  to  reduce  the  time  of  oscillation  to  what  it  would 
be  were  the  pendulum  swinging  in  an  infinitely  small  arc,  was  computed  by  means 
of  Bor  da’s  formula — 


M«  sin  (< p + q>')  sin  ( cp — cp1) 

32  log  sin  q>  — log  sin  <pf 

where  M is  the  modulus  of  the  common  logarithmic  system,  n is  the  number  of  oscil- 
lations actually  made,  q>  is  the  initial  semi-arc,  cp'  is  the  final  semi-arc,  and  6 is  the 
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quantity  to  be  added  to  n oscillations  in  order  to  obtain  the  number  that  would 
have  been  made  in  the  same  interval  had  the  arc  been  infinitely  small. 

Transforming  this  expression  into  a correction  to  the  period  it  becomes,  with  a 
sufficient  degree  of  accuracy  where  the  arc  is  small — 

PM  sin  (<p+  (p‘)  sin  (q> — cp') 

32  log  sift  <p  — log  sin  q>' 

where  P is  the  period  of  the  pendulum  in  seconds,  and  A is  the  amount  to  be  sub- 
tracted from  period  to  reduce  to  infinitely  small  arc. 

Temperature  correction. — Each  period  is  corrected  for  the  difference  between  the 
mean  temperature  of  the  swing  and  15°  C.,  adopted  as  a standard.  The  tempera- 
ture and  pressure  coefficients  of  the  pendulums  were  determined  by  swinging  them 
at  widely  different  temperatures  and  pressures  at  the  Coast  and  Geodetic  Survey 
Office  before  they  were  used  at  any  of  the  gravity  stations.  These  observations  are 
tabulated  below : 

Observations  for  determination  of  temperature  and  pressure  coefficients  of 
Ai7  A2 , A2,  at  Coast  and  Geodetic  Survey  Office , Washington. 


[Observers:  E.  D.  Preston,  G.  R.  Putnam,  All  swings  made  with  pendulums  in  position  “ direct,”  and 
at  uniform  initial  arc  of  oscillation.] 
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corrected 
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A3 
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35 

-5006821 

2 

9 
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35 
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7' 95 

500*1 

485*9 

6581 

+ 

35 

6616 

A2 

5 

9 

3 302*0 

938 

503-0 

486-3 

7583 

+ 

35 

•5007618 

6 

9 

3 3°7' 5 

9‘25 

500-6 

484-2 

7570 

+ 

35 

7605 

7 

9 

3 224*5 

9"i8 

759"^ 

735*o 

7765 

+ 

35 

7800 

8 

9 

3 231 ‘5 

8*70 

761-4 

737*9 

7748 

+ 

35 

7783 

Ai 

9 

10 

2 832-5 

6-50 

769-2 

75i*3 

8842 

+ 

38 

-5008880 

IO 

10 

2 833-0 

6'55 

769*5 

75i*5 

8840 

+ 

38 

8878 

ii 

10 

2 893-1 

6-6o 

506-4 

494*4 

8656 

+ 

38 

8694 

12 

10 

2 891-5 

6-70 

510-9 

498*6 

8661 

+ 

38 

8699 

13 

10 

2 736*0 

20*90 

509-6 

473*4 

9i54 

+ 

38 

*5009192 

14 

10 

2 728-0 

21*65 

5i3*3 

475*4 

9181 

+ 

38 

9219 

IS 

10 

2 671-5 

22*55 

77o-4 

711*6 

9375 

+ 

38 

94i3 

l6 

10 

2 666-5 

23-02 

770*5 

710*5 

9393 

+ 

38 

943i 

A2 

17 

11 

2 959-0 

26-60 

77i*5 

702-9 

8463 

+ 

38 

-5008501 

18 

11 

2 953-0 

27-00 

771’2 

70V7 

8480 

-f 

38 

8518 

19 

11 

3 OIO’5 

27-52 

505*1 

458  8 

8318 

+ 

38 

8356 

20 

11 

3 oo6"o 

27-98 

508-8 

' 461-5 

8330 

-f 

38 

8368 

a3 

21 

11 

3 3°°’S 

28-70 

769-6 

696-3 

7586 

+ 

38 

-5007624 

22 

11 

3 291-0 

29*10 

769-1 

694*9 

7608 

38 

7646 

23 

11 

3 339’S 

30-90 

506*2 

454*6 

7498 

+ 

38 

7536 

24 

11 

3 336-5 

31-15 

507*7 

455'6 

7504 

+ 

38 

7542 

From  the  above  observations  were  deduced  the  following  results,  by  comparing 
swings  made  at  similar  pressures,  and  correcting  for  slight  differences  in  pressure : 
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Temperature  coefficient  (or  increase  of  period  for  1°  C.  increase  of  temperature). 


Aj 

a2 

A, 

From  observations  at  low  pressures. 
From  observations  at  high  pressure. 

Mean. 

s. 

•00000359 

35i 

s. 

*00000417 

4W 

•00000408 

408 

-00000355 

"00000417 

■00000408 

The  observations  with  Ai  having  been  made  under  unfavorable  circumstances,  the 
result  for  this  pendulum  is  not  used,  and  the  mean  of  the  values  for  A2  and  A3,  or 
0-00000412  second  per  degree,  is  adopted  for  all  three  pendulums.  This  agrees  well 
with  0-00000414,  the  coefficient  as  calculated  from  the  coefficient  of  expansion  of  the 
pendulum  alloy,  determined  by  the  Office  of  Standard  Weights  and  Measures,  and 
with  0 00000415,  the  mean  coefficient  derived  for  the  second  (B)  set  of  these  pendu- 
lums, made  of  the  same  alloy. 

The  correction  to  the  period  is — 

B = 0-00000412  (15°  — t°),  where  t°  is  observed  temperature  in  degrees  centigrade. 

Pressure  correction. — An  atmospheric  density  represented  by  air  at  a temperature 
of  0°  C.  and  under  a pressure  of  500  millimetres  of  mercury  is  taken  as  a standard, 
and  periods  are  corrected  for  the  difference  between  the  conditions  under  which  ob- 
servations were  made  and  this  standard.  The  receiver  was  always  exhausted  to  a 
point  where  the  density  therein  nearly  approached  the  standard,  so  that  this  correc- 
tion is  usually  quite  small.  The  correction  takes  the  form  of 

C = K [^1  + *003672 _ 500 

where  C is  the  correction  to  period  in  seconds  (to  be  subtracted  if  observed  density 
is  above  the  standard,  or  added  if  density  is  below  standard),  K is  the  pressure  co- 
efficient, or  variation  in  period  for  variation  of  1 millimetre  in  pressure  (at  0°  C.)> 
Pr  is  the  observed  pressure  in  millimetres  of  mercury,  and  t is  the  mean  tempera- 
ture of  swing  in  degrees  centigrade.  Values  of  K were  determined  at  the  same  time 
as  the  temperature  coefficients,  by  the  observations  already  given,  from  which  are 
deduced  the  following  results : 

Pressure  coefficient  (or  increase  of  period  for  increase  of  pressure  of  1 millimetre  at  0°  C.). 


A, 

a2- 

A3 

From  observations  at  low  temperatures. 
From  observations  at  high  temperatures. 

Mean. 

s. 

*000000073 

69 

s. 

"000000078 

78 

j. 

•000000077 

76 

•000000071 

■000000078 

•000000076 

The  mean  of  these  values,  or  K = -000000075  second,  was  used  in  the  reductions. 
Rate  correction. — The  periods  are  reduced  to  sidereal  time  by  correcting  for  the 
rate  of  the  chronometer.  This  may  be  applied  conveniently  by  the  formula, 

D = 0-00001167  R P, 

where  D is  correction  to  period  (to  be  subtracted  if  timepiece  is  gaining,  added  if 
losing),  R is  rate  of  chronometer  in  seconds  per  sidereal  day,  and  P is  the  period  of 
the  pendulum. 
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Tables. — The  reductions  wore  much  facilitated  and  greater  accuracy  obtained  by 
the  use  of  tables  prepared  for  the  purpose,  as  follows : 

1.  — Periods,  values  of  P for  various  values  of  s in  the  formula  P = *5  -|- 

2.  — Periods  when  meantime  chronometer  was  used,  formula  P = -5  — -4g  f 

3.  — Table  of  differences  to  be  added  to  mean  time  periods  to  reduce  to  sidereal 

time. 

4.  — Arc  correction  for  various  values  of  (p  and  cp'  (initial  and  final  semi-arc). 

Pr 

5.  — Values  of  ^ ^ for  various  values  of  Pr  and  t. 

Correction  for  flexure  of  wooden  stand. — A strongly  braced  wooden  stand  was  used 
as  a support  for  the  receiver  in  which  the  pendulums  were  swung,  at  the  following 
stations:  Port  Simpson,  Juneau,  Pyramid  Harbor,  Yakutat  Bay,  Wrangell,  and  for 
a part  of  the  observations  at  Burroughs  Bay  and  San  Francisco.  To  determine  the 
effect  of  any  flexure  of  this  wooden  stand  an  extended  series  of  observations  was 
made  at  San  Francisco  in  July,  the  receiver  being  part  of  the  time  on  a solid  (brick) 
pier,  and  part  of  the  time  on  the  wooden  stand.  The  means  of  the  corrected  periods 
on  each  support  were  as  follows : 


Pendulum. 

\ 

Ai 

a2 

A3 

On  pier 

On  wooden  stand 

s. 

•5009151 

‘5009227 

j. 

■5008041 

'5008104 

s. 

•5007071 

•5007135 

Difference,  stand— pier 

4-  '0000076 

4-  '0000063 

-j- '0000064 

Mean  for  three  pendulums  -f-  '0000068. 


From  this  it  seems  evident  that  the  period  of  the  pendulums  is  lengthened  about 
•0000068  second  by  the  flexure  of  the  wooden  stand,  and  consequently  a correction 
of  — -0000068  second  is  made  to  the  mean  periods  at  all  stations  where  the  stand  was 
used.  The  observations  at  Burroughs  Bay  on  a rock  support  as  well  as  the  wooden 
stand  were  not  numerous  enough,  nor  made  under  sufficiently  favorable  conditions 
as  regards  temperature,  etc..,  to  give  any  satisfactory  results  as  to  the  effect  of  th© 
stand. 

RESULTS. 

Notwithstanding  the  fact  that  the  observations  were  differential  ouly, 
it  is  thought  to  be  more  useful  and  convenient  to  express  the  force  of 
gravity  at  the  several  stations  in  dynes  per  gramme  (numerically  equal 
to  the  acceleration  due  to  gravity),  the  value  at  the  “base  station,” 
which  is  at  the  Smithsonian  Institution  in  W ashington,  being  assumed 
to  be  980-10  dynes.  This  is  the  best  approximation  now  available  and 
is  based  on  three  independent  comparisons  of  this  station  with  that  at 
Hoboken  and  one  unsatisfactory  absolute  determination.  The  absolute 
value  at  Hoboken  is  that  given  by  O.  S.  Peirce  in  a note  in  the  Ameri- 
can Journal  of  Science,  volume  20,  page  327,  and  is  derived  from 
observations  made  with  the  Eepsold  reversible  pendulum.  An  earlier 
determination  of  absolute  gravity  near  this  station  was  made  by 
Sabine,  but  it  is  not  made  use  of  in  this  discussion. 
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The.  value  obtained  by  Peirce  at  Hoboken  is 

g = 980-2541 

Modifying  this  value  by  adopting  a later  and  more  correct  determi- 
nation of  the  length  of  the  metre  used  by  Peirce  [see  pp.  172,  173, 
Bulletin  No.  17,  IT.  S.  Coast  and  Geodetic  Survey],  it  becomes, 

g = 980-2449 

Based  upon  this  the  values  at  Washington  are  as  follows: 

(1)  By  the  new  pendulums  in  1891,  mean  of  three, 

g = 980*0895 

(2)  Y alue  obtained  by  C.  S.  Peirce  by  comparative  swings  of  the 
Peirce  pendulums, 

g = 980-1017 

(3)  From  Col.  Hersehel’s  swings  of  the  Kater  pendulums  in  Hoboken 
and  Washington  in  1881$  mean  of  three, 

g — 980*1121 

(4)  From  absolute  determinations  at  Washington  in  1889-’90,  by  Mr. 
E.  D.  Preston,  using  the  Peirce  pendulums,  but  with  an  unsatisfactory 
determination  of  the  distance  between  the  knife  edges, 

g = 980*05 

The  reduction  of  the  results  and  their  preparation  in  tabulated  form 
was  executed  by  Mr.  Putnam.  Preliminary  or  field  reductions  of  all 
of  the  work  done  on  the  Pacific  Coast  and  in  Alaska  were  made  by  Mr. 
Fremont  Morse,  and  these  were  checked  by  Mr.  Putnam.  To  show  the 
nature  of  the  original  record,  that  for  a single  day  is  given  in  table  A, 
but  it  is  not  thought  desirable  to  furnish  all  of  the  observations  in  this 
detail.  They  are  therefore  condensed  so  as  to  show  the  conditions  for 
each  separate  swing,  which  is  believed  to  be  quite  sufficient  for  any 
examination  to  which  it  may  be  desired  to  subject  them.  Table  B 
exhibits  these  results  for  all  the  stations,  in  chronological  order, 
giving  in  each  case  the  corrections  and  the  final  reduced  value  of  the 
periodic  time.  In  table  C these  are  collected  and  the  periods  at  all  the 
stations  for  each  of  the  three  pendulums  shown,  together  with  the 
flexure  corrections  for  the  Alaska  stations. 

Table  D shows  the  value  of  the  force  of  gravity  at  all  of  the  stations 
for  each  of  the  three  pendulums;  and  in  E the  mean  values  are  shown, 
the  stations  being  separated  into  two  groups,  the  first  including  those 
at  which  the  conditions  were  sufficiently  favorable  to  justify  their  being 
ranked  as  first-class  stations  as  compared  with  the  others.  The  values 
ugv  are  also  shown  as  reduced  to  sea  level. 

As  a matter  of  considerable  interest  these  values  have  been  com- 
pared with  those  derived  from  Ilelmert’s  formula,  which  is  essentially 
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the  same  as  that  recently  published  by  Harkness.  These  comparisons, 
with  the  excess  or  deficiency  of  gravity  at  each  station  as  compared 
with  that  given  by  the  formula,  are  shown  in  table  F. 

At  every  station  the  pendulums  were  swung  in  direct  and  reverse 
positions,  the  number  of  swings  in  the  two  positions  being  as  far  as 
possible  the  same.  It  has  often  been  found,  when  seconds  pendulums 
have  been  used,  that  there  was  a sensible  difference  in  the  vibration 
periods  in  the  two  positions.  That  no  such  difference  exists  with  these 
pendulums  is  conclusively  shown  by  table  G,  in  which  all  the  periodic 
times  of  each  pendulum  have  been  collected  and  the  average  obtained. 
It  will  be  seen  that  at  the  first-class  stations  the  average  direct  and 
reverse  periods  differ  only  1 part  in  5,000,000  in  the  case  of  pendulums 
A and  A2,  and  by  3 parts  in  5,000,000  in  the  case  of  A3.  This  is 
equivalent  to  an  absolute  agreement. 

ON  THE  USE  OF  A FREE  PENDULUM  AS  A TIME  STANDARD.* 

The  use  of  the  new  half-second  pendulums  has  suggested  the  possi- 
bility of  employing  a pendulum  with  the  improved  methods  for  ascer- 
taining its  period  in  terms  of  a clock  or  chronometer  second,  as  a 
standard  of  time  which  in  constancy  and  ease  of  application  might  go 
beyond  anything  now  readily  attainable. 

The  natural  though  not  necessarily  invariable  unit  of  time  is  the 
sidereal  day,  and  while  it  is  sufficiently  constant  to  satisfy  all  require- 
ments it  is  inconveniently  long  for  nearly  all  operations  other  than 
astronomical,  in  which  great  precision  in  time  measurement  is  required. 
Its  subdivision  is,  therefore,  rendered  necessary,  and  this  is  accompa- 
nied by  rather  more  uncertainty  than  usually  belongs  to  the  subdi- 
vision of  a standard.  Even  the  daily  rate  of  our  best  clocks  and 
chronometers  is  by  no  means  constant,  and  it  is  safe  to  say  that  in 
most  cases  little  if  anything  is  known  regarding  their  hourly  variation 
from  the  mean  for  the  day.  That  such  variations,  due  to  fluctuations 
in  temperature,  pressure,  and  other  less  known  causes,  exist  is  well 
knoAvn  to  all.  In  the  physical,  physiological,  or  other  laboratory,  in 
which  it  is  desired  to  determine  intervals  of  time  with  a high  degree  of 
accuracy,  it  is  common  to  depend  upon  the  daily  rate  of  chronometer 
or  clock,  which  rate  is  itself  determined  by  means  of  clock  signals 
from  an  established  astronomical  observatory,  or  directly  by  the  use  of 
a transit  instrument.  In  the  former,  rates  are  carried  during  bad 
weather,  and  often  for  many  days,  by  one  or  more  clocks,  and  with 
greater  or  less  accuracy,  but  the  signals  as  received  are  subject  to  un- 
certainty and  error  arising  out  of  telegraph  transmission.  In  the 
latter,  a few  nights  in  succession  of  cloudy  weather  prevent  the  ob- 

* This  article  was  read  at  the  meeting  of  the  National  Academy  of  Sciences  in  New 
York,  November  11,  1891,  essentially  as  it  stands  here.  Although  repeating  in  some 
degree  what  has  gone  before,  it  explains  in  greater  detail  the  use  of  the  flash  appa- 
ratus in  addition  to  the  discussion  of  the  subject  proper. 
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server  from  getting  a rate  for  liis  timepiece  just  when  he  most  needs 
it.  In  both  cases  the  daily  rate  is  usually  all  that  is  known,  although 
this  may  differ  widely  from  that  existing  when  the  particular  experi- 
ment was  made  for  which  the  time  is  to  be  standardized.  It  is  believed 
that  a free  pendulum,  vibrating  under  constant  conditions,  furnishes  a 
much  more  reliable  standard  for  short  intervals  than  any  clock  or 
chronometer,  and  that  this  standard  may  be  easily  utilized  by  methods 
about  to  be  described. 

The  pendulum  is  for  convenience  a half- second  pendulum,  and  is, 
therefore,  about  a quarter  of  a metre  long.  Its  mass  is  only  a trifle 
greater  than  a kilogram,  and  the  most  of  this  is  concentrated  in  the 
bob.  The  knife  edge,  rigidly  attached  to  the  pendulum,  is  of  agate, 
and  it  swings  upon  agate  planes.  These  should  be  rigidly  supported, 
and  may  well  be  secured  to  a part  of  the  casting  which  furnishes  at 
once  the  support  for  the  pendulum  and  the  chamber  in  which  it  swings. 
It  should  be  furnished  with  a starting  and  stopping  apparatus  and  an 
arc  for  measuring  the  amplitude  of  its  vibrations.  If  it  is  to  be  used 
only  for  comparing  chronometers  and  clocks,  no  arrangements  for 
securing  constant  pressure  and  uniform  temperature  are  necessary.  If 
it  is  to  be  a time  standard,  both  should  be  provided.  The  first  is  easy 
and  the  second  can  generally  be  reached  quite  closely.  Some  method 
of  knowing  the  temperature  of  the  pendulum  should  be  provided. 
When  used  under  conditions  of  nearly  constant  temperature  a “dummy” 
pendulum,  in  the  same  inclosure,  with  a thermometer  properly  em- 
bedded in  its  stem,  will  be  sufficient.  Its  amplitude  should  not  be 
greater  than  two  degrees  at  first,  and  when  the  knife  edge  is  properly 
prepared  it  will  swing  for  a couple  of  hours  without  this  being  incon- 
veniently reduced. 

The  period  of  the  pendulum  may  be  ascertained  by  means  of  a modi- 
fied coincidence  method,  the  elements  of  which  were  first  applied  by 
Herr  Yon  Sternek  in  his  use  of  short  pendulums  in  gravity  determi- 
nations. 

A small  mirror  is  placed  in  a vertical  plane  on  the  pendulum  head, 
its  center  being  as  near  as  may  be  in  a horizontal  plane  passing  through 
the  knife  edge.  A.  similar  mirror  is  placed  parallel  to  this,  and  as  near 
to  it  as  possible  without  interfering  with  the  motion  of  the  pendulum ; 
but  it  is  rigidly  attached  to  the  support  upon  which  the  pendulum 
swings.  What  is  called  the  u flash  apparatus  v is  placed  a metre  or  two 
metres  in  front  of  these  mirrors  and  in  a line  normal  to  them.  In  this 
an  electric  spark  may  be  used,  or  the  light  of  a lamp  or  candle.  What 
is  desired  is  that  a flash  of  light  should  be  i)roduced  every  second,  as 
determined  by  a break-circuit  chronometer  or  clock.  For  use  with  a 
lamp  Mr.  E.  G.  Fischer  has  contrived  an  ingenious  shutter,  operated 
by  an  electro  magnet,  by  means  of  which  an  illuminated  slit  is  exposed 
for  an  instant  in  the  movement  following  the  break  only.  An  induc- 
tion coil,  whose  primary  circuit  is  broken  by  an  electro  magnet  in  the 
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chronometer  circuit,  provides  the  electric  flash.  Just  over  the  point 
where  this  flash  is  produced  is  placed  a telescope. 

When  properly  adjusted  the  flash  is  reflected  from  both  mirrors,  and 
assuming  the  pendulum  to  be  at  rest,  two  lines  of  light  are  seen  as  one 
in  the  telescope,  or  better,  one  is  made  to  overlap  the  other  a little. 
Now  suppose  the  pendulum  to  be  in  motion,  it  will  be  clear  that,  as  the 
flash  occurs  only  for  an  instant  each  second,  whether  it  will  be  seen 
reflected  from  the  moving  mirror  will  depend  on  the  position  of  that 
mirror  at  the  instant  of  its  appearance.  If  it  should  happen  to  be  in 
the  plane  of  its  original  adjustment  when  the  flash  occurs,  the  appear- 
ance in  the  telescope  will  be  precisely  the  same  as  when  the  pendulum 
is  at  rest.  If  the  period  of  the  pendulum  be  precisely  one-half  of  that 
of  the  clock  or  chronometer  it  will  return  to  this  position  in  just  one 
second  and  the  appearance  will  be  continually  repeated.  If,  however, 
the  pendulum  be  slightly  slow  or  fast  of  the  chronometer,  the  mirror 
will  not  be  precisely  in  this  position  at  the  end  of  one  second  and  the 
image  from  its  mirror  will  be  a little  above  or  below  that  of  the  first 
mirror.  In  another  second  the  distance  separating  them  will  be  still 
greater  and  this  will  go  on  until  the  moving  image  is  no  longer  seen  in 
the  field  of  the  telescope.  After  a time,  however  (this  period  is  con- 
veniently about  five  minutes),  the  pendulum  will  have  gained  or  lost 
one  oscillation  on  the  beat  of  the  chronometer,  and  a few  seconds  before 
the  necessary  period  for  this  has  elapsed,  the  image  re-appears  in  the 
field  and  approaches  coincidence,  to  again  recede  on  the  other  side. 

It  is  only  necessary  to  observe  the  instant  of  this  coincidence  of  the 
two  images.  Under  the  conditions  mentioned  above  it  is  not  necessary 
to  observe  this  closer  than  the  nearest  second  and  only  an  inexcusably 
careless  observer  would  ever  be  a second  in  error.  After  having  ascer- 
tained the  u coincidence  interval”  and  observed  the  first  coincidence, 
the  happening  of  any  one  in  the  future  can  be  quite  closely  predicted.  It 
is  desirable  to  allow  the  pendulum  to  swing  through  a period  equal  to  ten 
coincidence  intervals,  and  although  only  the  first  and  last  observations 
may  be  used  it  is  well  to  observe  two  or  three  at  the  beginning  and  end 
of  the  period  as  a check.  An  idea  of  the  accuracy  of  the  method  may 
be  formed  by  assuming  that  an  error  of  one  second  is  made  in  observing 
the  coincidence  either  at  the  beginning  or  end  of  the  swing.  It  will  be 
seen  that  the  error  of  the  result  will  be  less  than  1 part  in  2 500  000. 
As  a sample  of  the  uniformity  of  results  which  is  sometimes  attained 
under  favorable  conditions,  the  periods  of  a pendulum  known  as  A3  as 
obtained  from  a Negus  break-circuit  sidereal  chronometer  in  three 
separate  sets  of  vibrations  extending  through  about  an  hour  each, 
made  on  the  afternoon  of  October  23,  are  here  given: 

First,  -5006279 

Second,  *5006281 

Third,  -5006280 


526 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


If  such  a pendulum  be  properly  cared  for  there  appears  to  be  no 
reason  why,  under  the  same  conditions,  its  oscillation  period  may  not 
remain  sensibly  constant  for  an  indefinite  period.  As  an  example  of 
constancy  during  a short  period,  a little  over  half  a year,  but  under 
unfavorable  conditions,  the  following  results  show  the  oscillation 
period  of  three  pendulums  as  measured  in  March  last  and  in  October. 
In  both  cases  time  is  referred  to  the  standard  sidereal  clock  of  the  U. 
S.  Naval  Observatory.  Between  the  first  determination  and  the  last, 
the  pendulums  traveled  about  15,000  miles,  were  several  times  landed 
from  a vessel  in  the  surf  and  with  difficulty,  and  were  exposed  to  great 
changes  of  temperature  and  conditions  of  weather.  The  remarkable 
agreement  in  the  case  of  all  justifies  the  assumption  that  a sufficient 
degree  of  permanency  is  attainable. 


Date. 

Mean  periods,  Washington. 

Ax 

Aa' 

A3 

March,  1891, 
October,  1891, 

•5008779 

•5008759 

•5007667 

•5007668 

•5006702 

•5006696 

When  one  of  these  pendulums  is  compared  by  means  of  the  flash 
apparatus  above  described  with  a good  break-circuit  chronometer,  it 
is  found  to  furnish  a most  delicate  test  of  the  equality  of  the  seconds 
determined  by  the  toothed  wheel  which  breaks  the  circuit. 

Any  inequality  in  the  spacing  of  the  teeth  or  irregularity  in  the 
movement  of  the  wheel,  of  the  existence  of  which  the  ordinary  chrono- 
graph record  would  show  no  evidence,  is  clearly  and  unmistakably 
shown,  and  if,  on  account  of  bad  workmanship,  such  inequalities  are 
considerable,  the  result,  as  viewed  in  the  telescope,  is  ludicrous, 
although  a chronograph  sheet  from  such  a chronometer  might  present 
a very  good  appearance.  It  will  be  readily  understood  that  when  the 
breaks  are  separated  by  uniform  periods,  the  moving  flash  will  advance 
regularly  and  steadily,  movements  corresponding  to  one-thousandth  of 
a second  in  time  being  easily  perceived.  When  the  breaks  are  irregu- 
lar, however,  the  flash  moves  irregularly  at  times,  standing  still  for  a 
second  or  two,  and  often  actually  receding.  The  apparatus  may  be 
used,  therefore,  as  a test  of  the  regularity  of  breaks  with  chronometers 
or  clocks. 

It  is  often  desirable  to  compare  one  chronometer  with  another  or 
with  a clock,  and  to  obtain  a relative  rate.  As  this  rate  is  variable,  it 
is  necessary  to  determine  it  by  reference  to  as  short  an  interval  of  time 
as  possible.  The  ordinary  chronograph  record  does  not  give  satisfac- 
tory results  unless  the  comparison  extends  over  a number  of  hours  or  a 
whole  day.  By  means  of  the  apparatus  described,  in  less  than  an  hour 
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a daily  rate  can  be  determined,  correct  within  about  three-hundredths 
of  a second,  and  a higher  degree  of  accuracy  can  be.  secured  if  it  is 
found  desirable. 

In  this  operation  it  is  only  necessary  to  observe  coincidences  with 
both  chronometers,  and  then  again  in  forty  minutes,  or  after  a longer 
period,  if  a better  result  is  wanted.  No  care  need  be  taken  to  secure 
standard  conditions  of  temperature,  pressure,  etc.,  as  whatever  changes 
may  take  place  affect  the  coincidence  interval  of  both  timepieces  alike. 

Indeed,  it  has  been  found  possible  to  get  a fair  rate  from  an  observa- 
tion of  a single  pair  of  coincidences,  the  time  consumed  being  less  than 
five  minutes.  It  is  evident  that  a method  is  here  offered  for  studying 
the  hourly  variations  of  chronometers  and  clocks,  due  to  temperature, 
pressure,  or  other  changes,  and  in  making  such  investigations  the 
timepiece  under  examination  finds  its  severest  critic  not  in  another  of 
its  own  kind,  but  in  a free  pendulum  maintained  under  uniform  stand- 
ard conditions. 

As  an  example  of  the  comparison  of  two  chronometers  by  this 
method  the  following  is  cited: 


Chronometers. 

Negus  1589. 

Negus  1518. 

First  coincidence. 

Second  coincidence. 

Ten  coincidence  interval. 

k.  m.  s.  1 

18  17  15 

19  14  21 

57  06 

k.  m.  s. 

21  07  10 

22  03  48 
56  38 

No.  1589  — No.  1518  = 28  seconds. 


From  which  the  rate  is  found  to  be  one  second  per  day. 

If  the  claims  here  made  for  the  free  pendulum  are  justified,  it  is 
likely  to  find  its  most  useful  application  as  an  independent  time  stand- 
ard. For  this  purpose  not  less  than  three  of  these  pendulums  should 
be  used.  They  should  have  slightly  different  oscillation  periods,  and 
these  must  be  determined  with  great  care,  under  standard  conditions 
and  referred  to  the  most  accurate  mean  time  second  available.  Indeed 
for  the  first  standard  set  it  might  be  worth  while  to  carry  on  comparisons 
during  day  and  night  for  many  days,  that  all  errors  incident  to  the  de- 
termination of  time  may  be  eliminated  as  far  as  possible.  Assuming 
the  physical  constancy  of  these  pendulums  and  the  possibility  of  re- 
producing with  sufficient  accuracy  the  conditions  under  which  they 
were  swung,  no  further  reference  to  astronomical  observations  is 
necessary,  if  only  the  force  of  gravity  does  not  change.  Such  a set, 
or  one  derived  from  it,  may  be  issued  to  any  point,  with  a certificate 
guaranteeing  the  periods  of  oscillation  as  a simple  function  of  the  force 
of  gravity.  If  the  latter  is  known  the  oscillation  period  is  at  once  de- 
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duced.  Whenever  it  is  desired  to  rate  a clock  or  chronometer  it  will 
only  be  necessary  to  observe  a series  of  coincidences,  using  the  pendu- 
lum and  chronometer  as  described  above.  The  use  of  three  pendulums, 
whose  differences  must  remain  sensibly  constant  wherever  they  are, 
will  serve  as  a check  against  changes  of  any  kind,  and  once  in  a few 
years  a redetermination  by  means  of  astronomical  time  may  be  had  as 
a further  security  against  systematic  error.  The  ease  and  accuracy 
with  which  their  oscillation  periods  can  be  determined  in  terms  of  the 
second  of  a clock  or  chronometer,  and  the  probable  constancy  of  this 
period  during  long  intervals  of  time  encourage  the  belief  that  the 
issue  of  properly  authenticated  time  standards  is  by  no  means  an  im- 
possibility, and  as  to  the  desirability  of  an  early  accomplishment  of 
such  an  end  there  can  certainly  be  no  doubt. 

ON  A TELEGRAPHIC  METHOD  OF  DETERMINING  GRAVITY. 

The  evident  superiority  of  a free,  invariable  pendulum  as  a time 
measuring  device,  as  compared  with  the  best  clocks  and  chronometers 
has  been  frequently  noted,  and  several  schemes  have  been  devised  for 
obtaining  differential  measures  of  the  force  of  gravity  without  depend- 
ing on  the  accuracy  of  the  latter.  It  is  only  necessary  to  determine 
the  vibration  period  of  the  same  pendulum  in  the  two  places  to  be  com- 
pared in  some  convenient  unit  of  time.  It  matters  not  what  this  unit 
is,  if  only  it  is  constant  during  the  comparison.  Perhaps  nothing 
approaches  nearer  to  the  desired  condition  of  constancy  than  the  vibra- 
tions of  a free  pendulum  under  constant  conditions.  Of  two  such 
pendulums  one  may  be  assumed  as  the  standard  and  the  other  com- 
pared with  it,  first,  when  the  two  occupy  the  same  station,  and  second, 
when  one  is  removed  to  a distant  station.  In  the  latter  case  the  com- 
parison must  be  made  by  means  of  signals  transmitted  by  telegraph. 
It  is  convergent  to  employ  a chronometer  for  the  production  of  flashes 
at  both  ends  of  the  line,  and  the  method  practically  amounts  to  a com- 
parisou  of  both  pendulums  with  the  chronometer  at  the  same  time  so 
that  they  are  equally  affected  by  any  inequalities  of  the  rate  of  the 
instrument.  It  is  well  to  exchange  pendulums  $ only  one  comparison 
at  the  same  station  is  necessary,  and  in  many  respects  the  operation 
resembles  the  ordinary  method  for  telegraphic  longitude.  The  results 
would  be  subject  to  error  arising  from  variation  in  the  transmission 
time  of  the  signals,  but  this  could  be  practically  eliminated  by  using  a 
chronometer  at  each  end,  following  a scheme  suggested  by  Mr.  Putnam 
and  which  he  describes  as  follows : 

Suppose  the  circuit  to  be  made  up  something  as  showR  in  the  sketch  below,  the 
chronometers  working  into  the  main  line  through  relays,  arranged  so  that  they  may 
he  conveniently  shunted  out,  and  the  main  line  working  the  flash  apparatus  at 
either  end  through  relays.  Suppose  the  chronometer  A to  he  working  the  apparatus 
at  both  ends,  and  one  swing  to  he  observed  simultaneously  with  the  pendulums  A 
and  B,  which  have  about  the  same  period.  If  the  relative  periods  of  pendulums  A 
and  B at  the  base  stations  he  known,  we  will  then  have  a value  /or  the  relative 
gravity  of  the  two  stations  A and  B.  This  value  will  not  he  affected  hy  the  rate  of 
the  chronometer  A or  any  variation  in  the  local  circuit  of  this  chronometer,  as  these 
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will  affect  both  stations  alike.  It  will  be  affected  (aside  from  errors  in  determina- 
tion of  temperature,  etc.),  first,  by  any  variation  from  the  beginuing  to  the  end  of 
the  swing  in  the  transmission  time  of  a second  signal ; second,  by  any  variation  in 
the  local  flash  apparatus  circuits;  third,  by  any  irregularity  in  the  break  circuit 
mechanism  of  the  chronometer.  The  second  source  of  error  can  probably  be  made 
very  small  by  use  of  a constant  battery  and  by  care  not  to  change  adjustments 
during  a swing.  The  third  source  of  error  is  eliminated  by  multiplying  the  number 
of  observations,  so  that  they  are  distributed  over  all  parts  of  a minute. 

At  the  beginning  of  the  swing  let  the  transmission  time  be  *04®,  and  at  the  end  of 
the  swing  (say  one  hour  later)  *05s,  that  is,  we  will  suppose  the  circuit  has  varied  so 
that  a signal  as  received  at  B is  delayed  •01s  more  at  the  end  than  at  the  beginning 
of  the  swing.  If  this  change  is  unknown  and  neglected  it  will  enter  into  the 
deduced  value  for  relative  gravity.  The  time  of  the  chronometer  A as  received  at 
station  B will  practically  have  a rate  of  *01s  per  hour  (or  *24s  per  day)  losing,  on  the 
time  of  the  chronometer  A as  used  at  A.  This  will  cause  the  eleventh  coincidence  at 
B to  come  seven  seconds  too  late,  or  make  the  period  of  pendulum  B to  be  -0000014s 
(or  inroVbinT  part)  to6  small,  and  the  value  of  g at  B as  deduced  from  this  observa- 
tion will  be  ooo“oVod  part,  or  about  ’0055  dyne  too  large. 


c 


Any  possibility  of  error  from  this  source  could  be  avoided  by  using  both  chronom- 
eters for  each  swing.  Observer  A would  cut  in  his  chronometer,  and  both  observers 
note  a coincidence.  Chronometer  A would  then  be  cut  out  and  B cut  in,  and  both 
observers  note  a coincidence  with  this  chronometer.  At  the  end  of  the  swing  the 
same  operation  would  be  repeated,  and  a few  intermediate  coincidences  with  each 
chronometer  could  be  taken  as  a check.  If  it  is  found  that  the  eleventh  coinci- 
dences with  the  two  chronometers  at  either  station  come  too  near  together,  the 
number  of  coincidence  intervals  with  one  chronometer  may  be  made  twelve  instead 
of  ten,  so  as  to  avoid  interference. 

For  every  observed  swing  of  the  pendulums,  there  would  thus  be  obtained  two 
relative  values  of  g,  entirely  independent  so  far  as  time  arrangements  go.  Into 
these  two  values  the  error  arising  from  any  change  in  the  transmission  time  would 
enter  with  equal  amount  but  with  opposite  sign,  so  that  it  would  be  eliminated 
from  their  mean.  Also,  as  two  chronometers  are  used,  any  errors  due  to  their  irregu- 
larities would  largely  disappear.  The  time  and  labor  of  observing  would  be  but 
slightly  increased. 

In  the  above  case  it  is  supposed  that  the  transmission  time  varied  •01s  in  one  hour. 
What  variation  will  actually  be  met  with  in  practice  is  difficult  to  say,  but  the 
attached  notes  of  some  results  obtained  in  connection  with  longitude  work  may 
throw  some  light  on  the  subject. 

H.  Ex.  43,  pt.  2—34 
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Variation  of  transmission  time. 

[From  longitude  observations,  transmission  and  armature  time  of  signals  on  different  nights. 
Line,  battery,  and  connections  the  same  each  night.] 

DETROIT  TO  CHICAGO.  ALBANY  TO  DETROIT. 

S.  S. 


July  16 

•022 

June  23 

•027 

18 

•019 

24 

•026 

19 

•022 

25 

•030 

20 

•020 

26 

•026 

22 

•015 

27 

•030 

23 

•020 

29 

•028 

24 

•008 

July  4 

•024 

25 

•013 

9 

•028 

27 

•021 

10 

•030 

28 

•018 

11 

•026 

Range  in  transmission  time  = Range  in  transmission  time  = 

*014  second  (about  tbe average).  *006  second  (unusually  small). 

The  above  are  determined  from  about  sixty  signals  sent  each  night.  There  is  a 
very  much  greater  variation  between  the  separate  signals,  the  range  in  one  evening 
usually  being  nearly  TOO8,  due  doubtless  to  four  causes:  first,  variation  of  line; 
second,  irregularities  of  chronometers ; third,  errors  in  reading  chronograph  sheets 
(difficult  to  read  to  *01s) ; fourth,  variation  in  speed  of  chronograph. 

ON  A CHANGE  IN  THE  FORM  OF  THE  HALF-SECOND  PENDULUMS. 

• 

In  addition  to  such  modifications  of  the  method  of  conducting  the 
experiment  as  will,  practically,  eliminate  errors  in  time  determinations, 
a somewhat  radical  change  in  the  form  of  the  pendulum  has  been  sug- 
gested since  the  conclusion  of  the  series  of  determinations  of  1891,  and 
the  three  pendulums  used  in  that  work  have  been  altered  in  their  form 
with  results  promising  to  be  entirely  satisfactory. 

The  modification  consists  in  exchanging  the  places  of  the  knife  edge 
and  plane,  the  latter  being  placed  on  the  pendulum  and  the  former 
upon  the  pendulum  support.  There  are  several  advantages  gained  by 
this  arrangement,  among  which  may  be  mentioned  the  greatly  dimin- 
ished probability  of  injury  to  the  pendulum.  It  is  of  the  utmost  im- 
portance that  these  pendulums  should  be  in  the  fullest  sense  of  the 
word  u invariable,”  or  constant  in  the  quantity  and  configuration  of  the 
matter  of  which  they  are  composed.  The  change,  and  dimensions  due 
to  change  in  temperature,  can  be  experimentally  determined  and 
allowed  for,  and  if  the  pendulums  are  properly  handled  and  cared  for 
the  quantity  of  matter  in  each  will  remain  sensibly  constant.  The 
chipping  of  a knife  edge  may  alter  the  character  of  a pendulum  so 
much  that  its  period  can  no  longer  be  compared  with  that  determined 
before  the  injury  occurred.  Such  an  accident  may  happen  without 
being  detected,  and  the  value  of  a whole  series  of  swings  be  destroyed. 
Clearly,  a pendulum  which  carries  no  knife  edge,  but  which  instead 
bears  a strong  block  of  agate,  the  lower  plane  of  which  rests  upon  a 
fixed  edge,,  is  much  less  liable  to  injury  than  one  of  the  ordinary  form. 
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Even  under  the  most  favorable  conditions,  with  the  most  careful 
handling,  the  edge  must  become  dulled  by  use.  If  it  be  a part  of  the 
pendulum,  the  length  of  the  latter  is  constantly  though  slowly  increas- 
ing. No  such  effect  is  produced  if  the  pendulum  carries  the  plane, 
and,  besides,  this  arrangement  makes  it  possible  to  regrind  an  edge, 
or  to  use  a new  one  without  sensibly  affecting  the  period  of  the  pen- 
dulum. There  are  other  advantages 'which  will  readily  suggest  them- 
selves. 

As  opposed  to  these  there  appears  but  a single  difficulty,  the  dis- 
turbing effect  of  which  must,  to  agree  with  theory,  be  small,  and  which 
can  be  sensibly  eliminated,  as  practice  has  shown.  It  is  the  difficulty 
of  fixing  the  axis  about  which  the  pendulum  vibrates.  This  must  lie 
in  the  agate  plane,  and  should  be  in  one  of  the  principal  planes  of 
symmetry  and  normal  to  the  other.  While  it  is  difficult  to  comply 
with  these  conditions  rigorously,  a close  approximation  to  them  may 
be  reached  with  little  trouble,  leaving  an  outstanding  error  far  within 
the  limit  which  both  theory  and  practice  show  may  be  reached  without 
sensibly  affecting  the  period. 

A reversible  pendulum  for  absolute  measures,  whose  length  is  about 
a quarter  of  a metre  and  whose  period  is  approximately  half  a second, 
has  been  designed  and  is  under  construction.  It  is  provided  with  two 
planes  instead  of  two  knife  edges,  and  it  is  believed  that  the  distance 
between  them  can  be  more  accurately  measured  than  would  be  possible 
if  they  were  edges.  Its  total  weight  will  probably  be  considerably  less 
than  a kilogramme;  its  period  will  be  obtained  in  a manner  similar  to 
that  used  with  the  invariable  pendulums.  The  attempt  will  be  made 
to  obtain,  at  a few  base  stations,  absolute  values  of  the  force  of  gravity 
of  a higher  degree  of  accuracy  than  those  hitherto  reached  in  this 
country.  ( 

Note. — A brief  statement  of  the  results  of  the  transfer  of  the  Base 
Station  for  gravity  work,  from  the  Smithsonian  Institution  to  the  Office 
of  the  Coast  and  Geodetic  Survey,  will  be  found  at  the  end  of  the  fol- 
lowing tables,  page  563. 
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TABLE  A. 

Copy  of  original  record  for  one  day. 

[Station,  Hoboken,  N.  J.  Date,  November  13, 1891.  Pendulum,  Al.  Chronometer, 
Negus  1824.  Observer,  T.  C.  Mendenhall.] 

POSITION,  DIRECT. 


[Temperatures  given  in  brackets  are  readings  of  thermometer  banging  outside  of  receiver.] 


Swing 

No 

Coincidences. 

Semi-arc. 

Ther- 
mome- 
ter on 
dummy. 

Manometer. 

Barometer. 

No. 

Down 

or 

up. 

Time. 

Left. 

Right, 

Re- 

ceiver 

end. 

Open 

end. 

Pres- 

sure. 

At- 

tached 

ther- 

mome- 

ter. 

h.  m.  s. 

mm. 

mm. 

°C. 

mm. 

mm. 

mm. 

°C. 

I 

i 

D. 

21  30  08 

5*o 

4*3 

1 8-o 

”9*5 

119*0 

77i*5 

18-4 

[18-3  ] 

2 

U. 

35  02 

3 

D. 

39  58 

4 

U. 

44  52 

4*3 

3*7 

18-0 

119-0 

771-6 

i8-5 

[18.3  ] 

IO 

u.. 

22  14  24-5 

ii 

D. 

19  21 

12 

U. 

24  15 

3*7 

3*o 

i8*2 

119-2 

1 1 8*8 

771-7 

18-6 

[ 1 8*4  ] 

2 

I 

D. 

22  46  14 

5*o 

4*3 

18-25 

1 19.2 

1187 

7720 

187 

[18-07] 

# 

2 

U. 

5:  06 

3 

D. 

56  02 

4 

U. 

23  o°  55 

4*3 

3*7 

18-3 

119-1 

1 18-8 

772-1 

i8*5 

[ 1 8*6  ] 

IO 

U. 

23  30  21 

ii 

D. 

35  18 

12 

' U. 

40  12 

3*7 

30 

1837 

119-4 

1 19-0 

772-2 

i8-6 

[i8‘6  ] 

3* 

I 

D. 

23  53  45 

5*o 

4*2 

18-5 

119-1 

1190 

772*5 

18-6 

[187  ] 

2 

U. 

58  38 

3 

D. 

0 03  33 

4 

U. 

08  26 

4*3 

3*7 

18-5 

1190 

1190 

772-6 

i*5 

C1 8*7  ] 

IO 

U. 

0 37  5o 

II 

D. 

42  46-5 

12 

U. 

47  39 

3*8 

3*o 

18-5 

1190 

1190 

772-6 

18-5 

[187  ] 

*E.  Smith,  observer. 
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TABLE  A — Continued. 

Copy  of  original  record  for  one  day — Continued. 

[Station,  Hoboken,  N.  J.  Date,  November  13,  1891.  Pendulum  Al.  Chronometer^ 
Negus  1824.  Observer,  T.  C.  Mendenhall.] 

POSITION,  REVERSED. 


[Temperatures  given  in  brackets  are  readings  of  thermometers  hanging  outside  of  receiver.] 


Swing 

No. 

Coincidences. 

Semi-arc. 

Ther- 
mome- 
ter on 
dummy. 

Manometer. 

Barometer. 

No. 

Down 

or 

Up. 

Time. 

Left. 

Right. 

Re- 

ceiver 

end. 

Open 

end. 

Pres- 

sure. 

At- 

tached 

ther- 

mome- 

ter. 

h.  m.  s. 

mm. 

mm. 

°C. 

mm. 

vim. 

mm. 

°C. 

4 

i 

D. 

I 28  32 

4’4 

4-8 

187 

118-8 

1180 

772-8 

187 

[i*9  ] 

2 

U. 

33  23 

3 

D. 

38  19 

4 

U. 

43  10 

4-0 

4-0 

187 

1187 

1 1 8-2 

773-0 

18-6 

[i*9  ] 

IO 

U. 

2*12  33 

ii 

D. 

17  30 

12 

U. 

22  21-5 

3*2 

3*5 

187 

1187 

1 18"2 

772-8 

i*5 

[18*8  ] 

5 

I 

D. 

2 36  46 

4*5 

4‘9 

18-8 

118*5 

1 1 8*2 

772-8 

187 

[19.0  ] 

2 

U. 

4i  37 

» 

3 

D. 

46  33 

4 

U. 

5i  24  5 

* 

3‘9 

4-i 

i*75 

1185 

118-2 

773-0 

18-6 

[18.8  ] 

IO 

u. 

3 20  48 

1 1 

D. 

25  44 

12 

U. 

30  36-5 

3*i 

3‘5 

i*75 

1 18-3 

h8-3 

772-8 

i*5 

[i*7  ] 

6* 

I 

D. 

3 45  33 

4*8 

4*8 

i*75 

1185 

118-2 

773*0 

187 

[i*75] 

2 

U. 

50  24 

3 

D. 

55  i9'5 

4 

U. 

4 00  11 

4-0 

4-1 

i*75 

118*5 

1 1 80 

773*o 

i*5 

[1*8  ] 

IO 

U. 

4 29  34-5 

' 

II 

D. 

34  32 

12 

U. 

39  24 

3’3 

3*5 

1875 

118-5 

1 1 80 

772-8 

1 8-6 

[i*75] 

November  14,  1891. 
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TABLE  B. 

Pendulum  Observations , Washington , D.  €.  (Smithsonian  Institution). 


[Support,  brick  pier.  Chronometer,  Negus  1824,  sidereal.] 


Pen- 

du- 

lum. 

Posi- 

tion. 

Swing 

No. 

Date. 

Ob- 

server. 

Ten  coin- 
cidence 
intervals. 

Semi-arc. 

Tem- 

pera- 

ture. 

Mano- 

meter. 

Barom- 

eter. 

Pres- 
sure at 
o°  C. 

Initial. 

Final. 

1891. 

Seconds. 

nun. 

mm. 

°C. 

mm. 

mm. 

mm. 

A, 

D 

1 

Mar.  17 

Pm. 

2853-0 

4'5 

3'5 

H’57 

247-8 

773-8 

498- 1 

2 

17 

Pm. 

2855-5 

4'5 

3-5 

14-67 

247-1 

774-1 

498-8 

3 

17 

Pm. 

2 858-0 

4‘5 

3'5 

14-67 

246-2 

774*3 

499-9 

R 

4 

17 

Pm. 

2 856-5 

4'5 

3’5 

14-82 

247-6 

77T5 

498-4 

5 

17 

Pm. 

2 858-5 

4-5 

3'5 

14-92 

246-0 

774-3 

499’5 

6 

17 

Pm. 

2 856-5 

4‘5 

3’S 

14-99 

244-4 

773-5 

500-3 

A, 

D 

7 

17 

P. 

3 264-0 

1512 

246-5 

772-7 

497-5 

8 

17 

P. 

3 260-0 

15-27 

246-0 

771-7 

496-6 

9 

17 

P. 

3 260-0 

15-27 

245-0 

7711 

497-0 

R 

10 

17 

P. 

3 262-5 

15-27 

249-0 

770-6 

492-7 

11  l 

17 

P. 

3 262-5 

15-35 

247-7 

770-3 

493*4 

12 

17 

Pm. 

3 266-0 

15-45 

247-2 

770-4 

493-8 

A3 

D 

13 

17 

Pm. 

3 726-0 

15-59 

242-0 

77o-5 

498-6 

14 

17 

Pm. 

3 722-0 

15-67 

239A 

770-5 

5009 

15 

17 

Pm. 

3 721-5 

15-67 

236-4 

770-3 

503-6 

R 

16 

18 

Pm. 

3 7^-5 

I5-69 

238-2 

769-9 

5015 

17 

18 

Pm. 

3717-0 

15-75 

244-0 

769-3 

495*3 

18 

18 

Pm. 

3 720-5 

• • 

15-77 

244-7 

768-7 

494-1 
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TABLE  B — Continued. 

Reduction  of  Pendulum  Observations , Washington , D.  C. 
( Smithsonian  Institution ). 


[Periods  reduced  to  temperature  15°  C.,  pressure  500  mm.  at  0°  C.,  arc  infinitely  small,  sidereal  time.] 


Pendu- 

lum. 

Swing 

No. 

Period 

uncorrected. 

Corrections  (in  seventh  decimal  place). 

Period 

corrected. 

Arc. 

Temper- 

ature. 

Pressure. 

Rate. 

s. 

s. 

Ai 

i 

•5008778 

—56 

+ 18 

+ 1 

+57 

•5008798 

2 

8771 

-56 

+ 13 

+ 1 

+57 

8786 

3 

8763 

-56 

+ 13 

0 

+57 

8777 

4 

8768 

-56 

+ 7 

+1 

+57 

8777 

5 

8761 

-56 

+ 3 

0 

+57 

8765 

6 

8768 

-56 

0 

0 

+57 

8769 

•5008779 

a2 

7 

•5007671 

—56 

— 5 

+ 2 

+ 57 

•5007669 

8 

7680 

-56 

— 11 

4-3 

+57 

7673 

9 

7680 

—56 

—11 

+ 2 

+57 

7672 

IO 

7674 

-56 

— 11 

+5 

+57 

7669 

ii 

7674 

-56 

—14 

+5 

+57 

7666 

12 

7666 

-56 

—18 

+5 

+57 

7654 

•5007667 

a3 

13 

•5006719 

-56 

—24 

+ 1 

+57 

•5006697 

14 

6726 

-56 

—28 

— 1 

+57 

6698 

i5 

6727 

-56 

—28 

—3 

+57 

6697 

16 

6736 

-56 

—28 

— 1 

+57 

6708 

i7 

6735 

-56 

—31 

+4 

+57 

6709 

— 

18 

6729 

-56 

—32 

+4 

+57 

6702 

•5006702 

S 
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TABLE  B — Continued. 

Pendulum  Observations  at  various  pressures , Washington , D.  C. 
( Smithsonian  Institution). 


[Support,  brick  pier.  Chronometer,  Negus  1824,  sidereal.]  « 


Pen- 

du- 

lum. 

Posi- 

tion. 

Swing 

No. 

Date. 

Ob- 

server. 

Ten 
coinci- 
dence in- 
tervals. 

1 

Semi-arc. 

Tem- 

pera- 

ture. 

Mano- 

meter. 

Barom- 

eter. 

Pres- 
sure at 
o°  C. 

Initial. 

Final. 

1891. 

Seconds. 

mm. 

mm. 

°C. 

mm. 

mm. 

mm. 

A, 

D 

1 

Mar.  18 

P. 

2 783*2 

[4*5]  ■ 

[3*5] 

.1577 

o-o 

768-6 

724-6 

D 

2 

18 

P. 

2 786-8 

15*77 

24-8 

768-5 

701-2 

D 

3 

18 

P. 

2 8o2"2 

15*77 

94*o 

768-2 

635*7 

D 

4 

18 

P. 

2 835-0 

15*77 

262-5 

767*9 

476*6 

D 

5 

18 

P. 

2 821-5 

15  97 

200-0 

767-2 

' 534*5 

D 

6 

18 

Pm. 

2 808-5 

16-23 

152-0 

766-2 

578-2 

A3 

D 

7 

18 

Pm. 

3 700-0 

16-36 

269-3 

7652 

466-6 

D 

8 

18 

Pm. 

3 680-5 

16-60 

198-8 

764*3 

53i*7 

D 

9 

18 

Pm. 

3 66i-o 

1676 

1520 

763*9 

574*9 

D 

10 

18 

P. 

3 639*0 

16-83 

103-0 

763*7 

620-6 

D 

1 1 

18 

P. 

3 615*0 

16-93 

52-1 

763-8 

668-2 

D 

12 

18 

Pm. 

3 594*5 

16-98 

0-0 

763-8 

Tiro 

Reduction  of  Pendulum  Observations  at  various  pressures , 
Washington , D.  G.  (Smithsonian  Institution). 


[Periods  reduced  to  temperature  15°  C.,  pressure  500  mm.  at  0°  C.,  arc  infinitely  small,  sidereal  time.] 


Pendu- 

Swing. 

Period  un- 

Corrections (in  seventh  decimal  place). 

Period  cor- 

lum. 

corrected. 

Arc. 

Tempera- 

ture. 

Pressure. 

Rate. 

rected. 

s. 

s. 

At 

1 

•5008999 

-56 

—32 

— 168 

+46 

•5008789 

2 

• 8987 

—56 

—32 

— I5i 

+46 

8794 

3 

8938 

—56 

—32 

—102 

+46 

8794“ 

4 

8834 

^-56 

—32 

+ 18 

+46 

8810 

5 

8876 

-56 

—40 

— 26 

+46 

8800 

6 

8918 

-56 

—5i 

— 59 

+46 

8798 

•5008798 

A3 

7 

•5006766 

-56 

—56 

+ 25 

+46 

•5006725 

8 

6801 

—56 

—66 

— 24 

+46 

6701 

9 

6838 

-56 

—72 

- 56 

+46 

6700 

10 

6880 

—56 

—75 

— 90 

+46 

6705 

11 

6925 

—56 

—80 

— 126 

4-46 

6709 

12 

6965 

-56 

-82 

—163 

+46 

6710 

•5006708 
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TABLE  B — Continued. 


Pendulum  Observations,  San  Francisco,  Gal . 

[Support,  brick  pier.  Chronometer,  Negus  1824,  sidereal.] 


Pen- 

du- 

lum. 

Posi- 

tion. 

Swing 

No. 

Date. 

Ob- 

server. 

Ten 

coinci- 

dence 

intervals. 

Semi-arc. 

Tem- 

pera- 

ture. 

Mano- 

meter. 

Barom- 

eter. 

Pres- 
sure at 
0 °C. 

Initial. 

Final. 

1891. 

Seconds. 

mm. 

mm. 

°C. 

mm. 

mm. 

mm. 

Ai 

D 

1 

Apr..  10 

M. 

2 750-0 

4-70 

3-25 

1274 

224-8 

754*1 

504*7 

R 

2 

11 

Mo. 

2 798-0 

5*50 

4-40 

9*75 

237*7 

755*8 

499*5 

D 

12 

H 

Mo. 

2 769-0 

4*9° 

3*65 

11  15 

234-0 

754*4 

499*o 

D 

13 

14 

•Mo. 

*2  763-6 

4*9° 

3-60 

ii*35 

233*2 

754*8 

499*9 

R 

14 

14 

Mo. 

2 739-0 

5*oo 

3*  70 

12-69 

230*9 

755*2 

499*8 

R 

15 

14 

Mo. 

2 726-8 

5*oo 

3*6o 

13*33 

228-0 

755*2 

501-6 

a2 

D 

3 

11 

Mo. 

3 i64*4 

5*5o 

3*8  0 

11-05 

201-4 

756-0 

532*0 

R 

4 

11 

Mo. 

3 I23‘5 

5-80 

4*25 

1318 

233*9 

755*9 

496-8 

D 

5 

11 

Mo. 

3 1 1 8-6 

4-80 

3*55 

14-19 

230*5 

755*7 

498.0 

D 

6 

13 

Mo. 

3 1777 

4-70 

3*55 

11-14 

231-8 

751*9 

498-7 

R 

7 

13 

Mo. 

3 152*4 

4*90 

3*35 

ii*79 

230*5 

752-2 

499*2 

A3 

D 

8 

13 

Mo. 

3 549*2 

4*75 

3*25 

12-98 

214-8 

752-1 

511-8 

D 

9 

13 

Mo. 

3 533*4 

4-80 

3*30 

13*73 

216-5 

752*0 

5o8*7 

R 

10 

13 

Mo. 

3pi*o 

4-80 

3*30 

14-87 

225*5 

752-1 

498-1 

R 

11 

13 

Mo. 

3 502-2 

4-80 

3*35 

15-32 

221-7 

752-1 

500-9 

Reduction  of  Pendulum  Observations,  San  Francisco , Cal. 


[Periods  reduced  to  temperature  15°  C.,  pressure  500  mm.  at  0°  C.,  arc  infinitely  small,  sidereal  time.] 


Pendu- 

Swing 

Period 

Correction  (in  seventh  decimal  place). 

Period 

lum. 

No. 

uncorrected. ' 

Arc. 

Temper- 

ature. 

Pressure. 

Rate. 

corrected. 

s. 

s. 

Ax 

1 

•5009108 

—55 

+ 93 

— 4 

+57 

•5009199 

2 

8951 

—86 

-j— 2 1 6 

. 0 

+5i 

9132 

12 

9045 

-64 

+ 159 

+ 1 

+ 16 

9157 

13 

9062 

—64 

+ 150 

0 

+ 16 

9164 

14 

9J44 

-67 

+ 95 

0 

+22 

9194 

15 

9*85 

-65 

4-  69 

— 1 

-j-22 

9210 

•5009176 

a2 

3 

•5007912 

—7Q 

+163 

—24 

+ 51 

•5008026 

4 

8017 

—89 

+ 75 

+ 2 

+55 

8060 

5 

8029 

— 61 

+ 33 

+ 2 

+55 

8058 

6 

7880 

— 60 

+159 

+ 1 

+23 

8003 

7 

7943 

-r-60 

+132 

• + 1 

+2  3 

8039 

•5008037 

A3 

8 

•5007054 

7-56 

+ 83 

— 9 

+23 

•5007095 

9 

7085 

-58 

+ 52 

— 7 

+23 

7095 

10 

7i3i 

-58 

+ 5 

+ 1 

+30 

7109 

7149 

-58 

— 13 

— 1 

+37 

7114 

•5007103 
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TABLE  B — Continued. 

Pendulum  Observations , Port  Simpson,  B.  <7. 


[Support,  wooden  stand.  Chronometer  2490,  mean  time.] 


Pen- 

du- 

lum. 

Posi- 

tion. 

Swing 

No. 

Date. 

.Ob- 

server. 

Ten 

coinci- 

dence 

intervals. 

Semi 

-arc. 

Tem- 

pera- 

ture. 

Mano- 

meter. 

Barom- 

eter. 

Pres- 
sure at 
o°C. 

jlnitial. 

Final. 

1891. 

Seconds. 

nun. 

mm. 

°C. 

mm. 

mm. 

m?n. 

Ai 

D 

i 

Apr.  29 

M. 

3 0299 

5-20 

3-70 

8-77 

247-2 

767-1 

503-0 

R 

2 

29 

M. 

3057*2 

5-15 

3-5o 

10-73 

236-9 

767-6 

509-8 

a2 

D 

3 

29 

M. 

2 700-0 

5-10 

3*65 

13-95 

244-8 

768-5 

497.1 

R 

4 

29 

M. 

2 717-2 

5-05 

375 

14-90 

245-0 

768-5 

495*2 

a3 

D 

5 

29 

M. 

2 459-0 

5'io 

3-90 

15-40 

' 241-2 

768-5 

497*9 

R 

6 

29 

M. 

2461-5 

5-00 

370 

15-40 

243-3 

768-6 

496*0 

Reduction  of  Pendulum  Observations,  Port  Simpson,  B.  G. 


[Periods  reduced  to  temperature  15°C.,  pressure  500  mm.  at  0°  C.  arc  infinitely  small,  sidereal  time.] 


Pendu- 

lum. 

Swing 

No. 

Period  uncorrected. 

Corrections  (seventh  decimal  place). 

Period 

corrected. 

Mean  time. 

Sidereal 

time. 

Arc. 

Tem- 

perature. 

Pres- 

sure. 

Rate. 

s. 

s. 

• 

s. 

A, 

1 

•4991762 

•5005430 

—70 

+257 

— 2 

—152 

•5005463 

2 

1836 

5503 

-65 

4-176 

— 7 

—152 

5455 

‘5005459 

A, 

3 

•4990758 

•5004422 

—67 

+ 43 

+2 

—152 

•5004248 

4 

0816 

4481 

—69 

+ 4 

+4 

— 152 

4268 

•5004258 

A3 

5 

•4989854 

•5003516 

—7i 

— 16 

+2 

— 152 

•5003279 

6 

9864 

3526 

—67 

— 16 

+3 

—152 

3294 

•5003286 
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TABLE  B — Continued. 

Pendulum  Observations , Juneau , Alaslca. 


[Support,  wooden  stand.  Chronometer  2490,  mean  time.] 


Pen- 

du- 

lum. 

Posi- 

tion. 

Swing 

No. 

Date. 

Ob- 

server. 

Ten 

coinci- 

dence 

intervals. 

Semi-arc. 

Tem- 

pera- 

ture. 

Mano- 

meter. 

Barom- 

eter. 

Pres- 
sure at 
o°  C. 

Initial. 

Final. 

1891. 

Seconds. 

mm. 

m?)iC 

0 C. 

mm. 

mm. 

mm. 

Ax 

D 

1 

May  1 1 

M. 

2 786-8 

4-70 

3 40 

1156 

25T9 

762-4 

486-0 

R 

2 

11 

M. 

2 804-5 

4-70 

3‘45 

i3'io 

244-0 

762-0 

493-2 

D 

11 

12 

M. 

2 799-2 

4-60 

3'4° 

12-58 

233-0 

759-8 

502-3 

R 

12 

12 

M. 

2 808-5 

4-70 

3‘45 

12-95 

235-0 

759-8 

499-9 

A2 

D 

3 

11 

M. 

2 5130 

4-70 

3‘55 

15-62 

233-2 

761-5 

498-4 

R 

4 

11 

M. 

2 536-0 

4'55 

3AO 

17-20 

227-3 

761-4 

5oi*i 

D 

9 

12 

M. 

2 468-2 

4T5 

3'45 

ii*4i 

234-0 

759  8 

503-8 

R 

10 

12 

M. 

2 474-0 

4-5o 

3-55 

1182 

239-0 

759-8 

498-3 

A3 

D 

5 

n 

M. 

2,318-5 

4-60 

360 

1 8*34 

227-7 

760-6 

497-9 

R 

6 

1 1 

M. 

2317-2 

4-5o 

3-60 

1 8-oo 

225-5 

760-2 

500-3 

R 

7 

12 

M. 

2 262-8 

4-70 

3-65 

9-78 

2410 

759-4 

499-7 

D 

8 

12 

M. 

2 267-5 

4-65 

3-60 

10-48 

239-8 

759A 

499-7 

Reduction  of  Pendulum  Observations , Juneau , Alaslca. 


[Periods  reduced  to  temperature  15°  C.,  pressure  500  mm.  at  0°  C.,  arc  infinitely  small,  sidereal  time.] 


Pendu- 

lum. 

Swing 

No. 

Period  uncorrected. 

Corrections  (in  seventh  decimal 
place). 

Period 

corrected. 

Mean  time. 

Sidereal 

time. 

Arc. 

Tem- 

perature. 

Pres- 

sure. 

Rate. 

s. 

s. 

. 

s. 

Ai 

1 

•4991045 

•5004710 

-58 

+142 

+ 10 

— ”3 

•5004691 

2 

1 102 

4767 

-58 

+ 78 

+ 5 

~ ”3 

4679 

11 

1085 

4750 

—56 

-fioo 

— 2 

— 113 

4679 

12 

1114 

478o 

-58 

+ 84 

0 

— ”3 

4693 

•5004686 

Aa 

3 

•4990072 

•5003734 

— 60 

— 26 

+ 1 

— 113 

•5003536 

4 

0161 

3824 

-56 

— 9i 

— 1 

— “3 

3563 

9 

•4989892 

3554 

-58 

+ 148 

- 3 

— 113 

3528 

10 

9915 

3577 

—57 

+ 131 

+ 1 

— “3 

3539 

•5003542 

A3 

5 

•4989240 

•5002900 

—59 

-138 

+ 2 

— ”3 

•5002592 

6 

9235 

2895 

-58 

— 124 

0 

— 113 

2600 

7 

8976 

2635 

— 61 

■ +215 

0 

—113 

2676 

8 

8999 

2658 

— 60 

+ 186 

0 

— 1 13 

2671 

•5002635 

540 


u.  s. 


COAST  AND  GEODETIC  SURVEY, 


TABLE  B — Continued. 


Pendulum  Observations,  Pyramid  Harbor , Alaska. 

[Support,  wooden  stand.  Chronometer  2490,  mean  time.] 


Pen- 

du- 

lum. 

Posi- 

tion. 

Swing 

No. 

Date. 

Ob- 

server. 

Ten 

coinci- 

dence 

intervals. 

Semi-arc. 

Tem- 

pera- 

ture. 

Mano- 

meter. 

Barom- 

eter. 

Pres- 
sure at 
o°C. 

Initial. 

Final. 

1891. 

Seconds. 

mm. 

mm. 

°C. 

mm. 

mm. 

m?n. 

Ai 

D 

5 

May  16 

M'. 

2 757-0 

4-65 

3*50 

ii*57 

227-0 

754*5 

505*1 

D 

6 

16 

M. 

2 752-5 

4-60 

3*45 

n-54 

232*8 

755-2 

500-4 

R 

7 

16 

M. 

2741-8 

4-70 

3-5o 

11*14 

233*5 

756-0 

5011 

R 

8 

18 

M. 

2 725-2 

4*5° 

3*35 

9-62 

240-7 

760*1 

500-9 

D 

9 

18 

M. 

2 756-0 

4-70 

3*40 

11*32 

236-3 

760-9 

502-9 

a2 

D 

3 

16 

M. 

2 438-8 

T55 

3*45 

1 1-24 

232-3 

754*6 

5oo-8 

R 

4 

16 

M. 

2 44I-5 

4*55 

3*20 

ii*37 

230-5 

754-6 

5023 

D 

10 

18 

M. 

2451-2 

4-65 

3*45 

14-00 

233*8 

761-8 

5012 

R 

11 

18 

M. 

2 466-2 

4-5o 

3*30 

14*89 

2350 

762-3 

498-9 

D 

14 

18 

M. 

2457*0 

4-60 

3-60 

14-67 

♦237*6 

763-0 

497*4 

R 

15 

18 

Mo. 

2 422-8 

4-5o 

3-60 

n-86 

234-8 

763-5 

505-8 

A3 

D 

1 

16 

M. 

2 226-5 

4-70 

360 

9-36 

23T5 

755*4 

502-9 

R 

2 

16 

M. 

2 234-8 

4-65 

360 

10-25 

232*3 

755*i 

503*2 

D 

12 

18 

M. 

2 250-5 

4-70 

3*75 

i5*35 

231-8 

762-6 

5oi-4 

R 

13 

18 

M. 

2 262-0 

4-65 

3-65 

17-67 

234-8 

762-9 

498-0 

D 

16 

18 

M. 

2 205-0 

4-65 

3*75 

9-88 

244-2 

764-3 

5°i*i 

D 

17 

18 

M. 

2 195*2 

4-65 

3-65 

9-00 

246-7 

764-8 

500-8 

I 
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TABLE  B — Continued. 

Reduction  of  Pendulum  Observations , Pyramid,  Harbor , Alaslca. 


[Periods  reduced  to  temperature  15°  C.,  pressure  500  mm.  at  0°  C.,  arc  infinitely  small,  sidereal  time.] 


Pendu- 

lum. 

Swing 

No 

Period  uncorrected. 

Corrections  (in  seventh  decimal 
place). 

Period 

corrected. 

Mean  time. 

Sidereal 

time. 

Arc. 

Tem- 

perature. 

Pres- 

sure. 

Rate. 

s. 

s. 

A, 

5 

'499°949 

•5004613 

-58 

4“  I4I 

—4 

— 146 

•5004546 

6 

0934 

4598 

—57 

-J-142 

0 

— 146 

4537 

7 

0898 

4563 

—59 

-F-159 

— 1 

— 146 

4516 

8 

0843 

4508 

—54 

-j-222 

— 1 

— 146 

4529 

9 

0945 

4610 

-58 

+ 152' 

— 2 

— 146 

4556 

•5004537 

a3 

3 

•4989770 

•5003431 

-56 

4-155 

— 1 

— 146 

•5003383 

4 

9781 

3443 

—53 

4-150 

— 2 

— 146 

3392 

IO 

9822 

3484 

-58 

4-  41 

— 1 

—146 

33  20 

n 

9884 

3546 

-53 

4-  5 

4-i 

—146 

3353 

14 

9846 

3507 

—59 

4-  14 

4-2 

— H6 

33i8 

i5 

9702 

3364 

-58 

4-129 

—4 

— 146 

3285 

•5003342 

a3 

i 

•4988797 

•5002456 

— 61 

4-232 

— 2 

— 146 

•5002479 

2 

8838 

24  97 

— 60 

4-196 

— 2 

—146 

2485 

12 

8916 

2575 

— 62 

— 14 

— 1 

— 146 

2352 

13 

8972 

2631 

— 61 

— no 

4-2 

— 146 

2316 

16 

8688 

2346 

— -62 

4-21 1 

— 146 

2348 

17 

8638 

2296 

— 61 

4-247 

— 1 

— 146 

2335 

•5002386 

Pendulum  Observations , Yakutat  Bay , Alaska. 


[Support,  wooden  stand.  Clironometer  2490,  mean  time.] 


Pen- 

du- 

lum. 

Posi- 

tion. 

Swing 

No. 

Date. 

Ob- 

server. 

Ten 

coinci- 

dence 

intervals. 

Semi-arc. 

Tem- 

pera- 

ture. 

Mano- 

meter. 

Barom- 

eter. 

Pres- 
sure at 
o°C. 

Initial. 

Final. 

1891. 

...  ^ 

Seconds. 

mm. 

mm. 

°C. 

mm. 

mm. 

mm. 

Aj 

D 

1 

May  22 

M. 

2 776-0 

470 

3‘45 

1 6*oo 

239*3 

768*1 

498-3 

R 

2 

22 

Mo. 

2 755-3 

4-5° 

3*20 

14*92 

2397 

768-0 

499*6 

R 

7 

22 

M. 

2 717-2 

470 

3-35 

12-00 

240*7 

766-2 

502-4 

A3 

D 

3 

22 

M. 

2 438-8 

4*30 

3*20 

14*17 

240*7 

767*8 

499*9 

R 

4 

22 

M. 

2 452*2 

4*40 

3-30 

14*89 

237*2 

767*4 

5or5 

a3 

D 

5 

22 

M. 

2 229-0 

4M5 

3'55 

14*30 

239*5 

766*6 

499-8 

D 

6 

22 

M. 

2 226*8 

4*60 

3-65 

I3-5I 

238*3 

766*5 

502*0 
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TABLE  B — Continued. 

Reduction  of  Pendulum  Observations , YaJcutat  Bay , Alaska, 


[Periods  reduced  to  temperature  15°  C.,  pressure  500inm.  atO°C.,  arc  infinitely  small,  sidereal  time.] 


Pendu- 

lum. 

Swing 

No. 

Period  uncorrected. 

Corrections  (in  seventh  decimal 
place). 

Period 

corrected. 

Mean  time 

Sidereal 

time. 

Arc. 

Tem- 

perature. 

Pres- 

sure. 

Rate. 

s. 

s. 

s. 

A, 

1 

•4991010 

•5004675 

-58 

— 4i 

+1 

—90 

•5004487 

2 

0943 

4608 

—52 

+ 3 

0 

—90 

4469 

7 

0816 

4481 

—57 

+ 124 

— 2 

—90 

4456 

•5004471 

a2 

3 

•4989770 

’5°°343I 

—49 

- + 34 

0 

—90 

•5003326 

4 

9826 

3488 

—52 

4-  5 

— 1 

—90 

3350 

I 

•5003338 

A3 

5 

•4988809 

•5002468 

. -56 

4-  29 

0 

\ 

—90 

•5002351 

6 

8798 

2457 

— 60 

+ 61 

— 2 

—90 

2366 

- 

•5002358 

Pendulum  Observations , Sitka , Alaska. 


[Support,  rock.  Chronometer  2490,  mean  time.] 


Pen- 

du- 

lum. 

Posi- 

tion. 

Swing 

No. 

Date. 

Ob- 

server. 

Ten 
coinci- 
dence in- 
tervals. 

Semi-arc. 

Tem- 

pera- 

ture. 

Mano- 

meter. 

Barom- 

eter. 

Pres- 
sure at 
o°C. 

Initial. 

Final. 

1891. 

Seconds. 

mm. 

mm. 

°C. 

mm. 

mm. 

mm. 

A-i 

D 

1 

May  26 

M. 

2 804-8 

4-55 

3*45 

11-82 

239-0 

764-9 

503*1 

R 

2 

26 

M. 

2 808-8 

4-65 

3-55 

1223 

243*2 

765-5 

498-9 

D 

10 

28 

M. 

2 798-2 

4'55 

3-30 

io-6o 

244-2 

763-0 

4986 

R 

11 

28 

M. 

2 8l 2*2 

4-60 

3A5 

n-79 

245-0 

7630 

495-6 

a2 

D 

3 

26 

M. 

2 486-0 

4*75 

3*40 

12-22 

241-1 

765*4 

500-8 

R 

4 

26 

' M. 

2 464-5 

4-35 

3-50 

I I "OO 

241-8 

765-6 

502-6 

R 

5 

26 

M. 

2 463-8 

4-5o 

3'45 

IO-63 

245-8 

765-4 

499-3 

D 

12 

28 

M. 

2 504*8 

4-5° 

3-55 

I3-85 

241-0 

762-8 

495-5 

R 

13 

28 

M. 

2 5I2-5 

4*45 

3*45 

I4-87 

248-1 

762-7 

486-6 

A3 

D 

6 

27 

M. 

2 259*8 

4-60 

3‘55 

9-80 

250*3 

765-0 

496-1 

D 

7 

27 

M. 

2 267-5 

4-60 

3‘8o 

10-47 

247*3 

765-0 

497-8 

R 

8 

27 

M. 

2 280-2 

4-60 

3-55 

13-05 

239-3 

764-2 

499*9 

R 

9 

27 

M. 

2 284-5 

4*55 

3*55 

13-20 

238-3 

764- 1 

500-4 
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TABLE  B — Continued. 

Reduction  of  Pendulum  Observations , Sitka 9 Alaska. 


[Periods  reduced  to  temperature  15°  C.,  pressure  500  mm.  at  0°  C.,  arc  infinitely  small,  sidereal  time.] 


Pendu- 

lum. 

Swing 

No 

Period  uncorrected. 

Corrections  (in  seventh  decimal 
place). 

Period 

corrected. 

Mean  time. 

Sidereal 

time. 

Arc. 

Tem- 

perature. 

Pres- 

sure. 

Rate. 

s. 

s. 

s. 

A, 

I 

•4991 102 

•5004768 

-56 

+ 131 

— 2 

—90 

•5004751 

2 

III5 

4780 

—59 

+ 114 

4-  1 

—90 

4746 

IO 

1082 

4747 

—54 

-|-i8i 

4-  1 

*-83 

4792 

II 

1126 

4791 

—57 

4-I32 

4"  3 

.-83 

4786 

•5004769 

a2 

3 

‘4989964 

•5003626 

-58 

4-H5 

— 1 

—90 

■5003592 

4 

9876 

3538 

-54 

4*I65 

— 2 

—90 

3557 

5 

9873 

3535 

-56 

-f-180 

4-  1 

—90 

3570 

12 

•4990039 

3701 

-57 

Hb  47 

+ 3 

-83 

3611 

13 

0070 

37  32 

-55 

+ 5 

4-10 

-83 

3609 

•5003588 

a3 

6 

•4988962 

•5002622 

—59 

+214 

4-  3 

—80 

•5002700 

r 

8999 

2658 

— 62 . 

4-187 

4-  2 

—80 

2705 

8 

9060 

2720 

—59 

4-  80 

0 

—80 

2661 

9 

9081 

2740 

-58 

4-  74 

0 

—80 

2676 

•5002686 

Pendulum  Observations , Wrangell , Alaska. 


[Support,  wooden  stand.  Chronometer  2490,  mean  time.] 


Pen- 

du- 

lum. 

Posi- 

tion. 

Swing 

No. 

Date. 

Ob- 

server. 

Ten 

coinci- 

dence 

intervals. 

Semi- arc. 

Tem- 

pera- 

ture. 

Mano- 

meter. 

Barom- 

eter. 

Pres- 
sure at 
o°C. 

Initial. 

Final. 

1891. 

' 

Seconds. 

mm. 

mm. 

°C. 

mm. 

mm. 

mm. 

Aj 

D 

1 

June  1 

M. 

2 891-8 

T50 

3*30 

11-46 

234*0 

758*8 

502-8 

R 

2 

1 

M. 

2 896-5 

4'5o 

3*25 

1206 

240-3 

758-8 

496-0 

D 

12 

2 

M. 

29327 

4*60 

3*20 

16-92 

230-3 

757*9 

495*3 

R 

13 

2 

M. 

2 946-2 

4-65 

3*35 

17-61 

230-3 

757*6 

493*9 

A2 

D 

3 

I 

M. 

2 573*2 

4*5° 

3*i5 

12-95 

2367 

759*4 

497*9 

R 

4 

1 

M. 

2563-1 

4*3° 

3-10 

12-85 

233*5 

759*5 

5oi-3 

D 

9 

2 

M. 

2 562-2 

4*35 

3*30 

14-07 

229-7 

759*o 

502*1 

R 

IO 

2 

M. 

2573-2 

4*5o 

3*25 

15-10 

234-8 

758-9 

495*3 

R 

11 

2 

M. 

2 580-0 

4*40 

3*30 

15*80 

236*5 

758-7 

492-4 

A3 

D 

5 

1 

M. 

2 333*7 

4*45 

3*25 

1276 

233*8 

760-3 

501-8 

R 

6 

1 

M. 

2 337*3 

4*40 

3'35 

12-80 

233*5 

760-1 

501-9 

R 

7 

2 

M. 

23318 

4’45 

3*40 

10-58 

234*3 

759*4 

504*7 

D 

8 

2 

M. 

2 338-5 

4-40 

3*35 

ii*59 

235*3 

759*i 

501-4 

54 4. 
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TABLE  B — Continued. 

Reduction  of  Pendulum  Observations , Wrangell , Alaska. 


[Periods  reduced  to  temperature  15°  C.,  pressure  500  mm.  at  0°  C.,  arc  infinitely  small,  sidereal  time.] 


Corrections  tin  seventh  decimal 

Period  uncorrected. 

place). 

Pendu- 

Swing 

Period 

lum. 

No. 

Mean  time. 

Sidereal 

Arc. 

Tem- 

Pres- 

Rate. 

corrected. 

time. 

perature. 

sure. 

A, 

•4991370 

s. 

•5005035 

—53 

+ 146 

— 2 

— 60 

•5005066 

2 

1384 

5050 

—53 

-f-121 

+3 

— 60 

5061 

12  4 

1490 

5156 

—53 

— 79 

+4 

—27 

5001 

13 

1529 

5195 

-56 

—108 

+5 

—27 

5009 

•5005034 

A2 

3 

•499°3°3 

•5003966 

-5i 

+ 84 

+2 

— 60 

•5003941 

4 

0265 

3928 

-48 

+ 89 

— 1 

— 60 

3908 

9 

0262 

3925 

—52 

+ 38 

— 2 

—27 

3882 

10 

0303 

3966 

—53 

= 4- 

+ 4 

—27 

3886 

11 

0329 

3992 

—52 

+ 6 

—27 

3886 

•5003901 

A3 

5 

•4989310 

•5002970 

—52 

+ 92 

— 1 

— 60 

•5002949 

6 

9327 

2987 

—53 

+ 91 

— 1 

— 60 

2964 

7 

9301 

2962 

—54 

+182 

—4 

—27 

3059 

8 

9332 

2992 

-53 

+140 

— 1 

—27 

3051 

•5003006 

Pendulum  Observations , Burroughs  Bay , Alaska . 


[Support,  as  designated.  Chronometer  2490,  mean  time.] 


Pen- 

du- 

lum. 

Posi- 

tion. 

Swing 

No. 

Date. 

Ob- 

server. 

Ten 
coinci- 
dence in- 
tervals. 

Semi-arc. 

Tem- 

pera- 

ture. 

Mano- 

meter. 

Barom- 

eter. 

Pres- 
sure at 
o°  C. 

Initial. 

Final. 

1891. 

Seconds. 

mm. 

mm. 

°C. 

mm. 

mm. 

mm. 

A,* 

D 

5 

June  6 

M. 

2952-0 

470 

3-30 

978 

2327 

759*8 

508-2 

R 

7 

6 

M. 

2 936*2 

4-50 

3'35 

1 1*12 

231-8 

760-2 

506-7 

Ait 

D 

6 

6 

M. 

2 932*3 

4-50 

3-05 

10-97 

235-2 

759-9 

503-5 

a2* 

D 

8 

6 

M. 

2 584-2 

4AO 

3*30 

1 116 

241-0 

760-2 

497-9 

A2f 

R 

9 

6 

M. 

2 567-0 

4-3° 

3-20 

973 

236-5 

760-2 

504-9 

a3* 

R 

1 

4 

M. 

2 436-0 

4-50 

3-50 

1770 

221-5 

749-8 

494-6 

R 

4 

4 

M. 

2391-2 

4-5o 

3'55 

13-85 

220-2 

749-9 

5037 

A3f 

R 

2 

4 

M. 

2 436-5 

4-5° 

3-5o 

1640 

222*7 

750-0 

496-1 

R 

3 

4 

M. 

2425-0 

4*5° 

3'3o 

1522 

220-0 

750-4 

501-1 

* On  rock.  t On  wooden  stand. 
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TAJ3LE  B — Continued. 

Reduction  of  Pendulum  Observations , Burroughs  Bay , Alaska. 


[Feriods  reduced  to  temperature  15°  C.,  pressure  500  mm.  at  0°  C.,  arc  infinitely  small,  sidereal  time.] 


Pendu- 

Swinp; 

Period  uncorrected. 

Corrections  (in  seventh  decimal 
place). 

Period 

lum. 

No/ 

Mean  time. 

Sidereal 

time. 

Arc. 

Tem- 

perature. 

Pres- 

sure. 

Rate. 

corrected. 

s. 

s. 

s. 

Al 

5 

•4991546 

•5005212 

—56 

4 215 

— 6 

—25 

•5005340 

7 

1500 

5166 

—54 

-j-160 

—5 

—25 

5242 

•5005291 

Ai 

6 

•4991489 

•5005155 

—50 

— j- 1:66 

-3 

—25 

•5005243 

•5005243 

a2 

8 

*499°344 

•5004008 

—52 

+ 158 

+2 

—25 

•5004091 

•5004091 

a3 

9 

•4990280 

•5003943 

—49 

+217 

—4 

—25 

•5004082 

•5004082 

a3 

i 

•4989758 

•5003420 

-56 

— hi 

+4 

—50 

•5003207 

4 

95  67 

3228 

—57 

+ 47 

— 2 

—50 

3166 

•5003186 

a3 

2 

•4989760 

•5003422 

—56 

. - 58 

+3 

—50 

•5003261 

3 

9712 

3373 

—53 

— 9 

—50 

3260 

•5003260 

H.  Ex.  43,  pt.  2—35 
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TABLE  B — Continued. 

Pendulum  Observations , Seattle , Wash . 


[Support,  stone  pier.  Chronometer  2490,  mean  time.] 


Pen- 

du- 

lum. 

Posi- 

tion. 

Swing 

No. 

Date. 

Ob- 

server. 

Ten 

coinci- 

dence 

intervals. 

Semi 

-arc. 

Tern. 

pera- 

ture. 

Mano- 

meter. 

Barom- 

eter. 

Pres- 
sure at 
o°  C. 

Initial. 

Final. 

1891. 

Seconds. 

mm. 

mm. 

°C. 

mm. 

mm. 

m?n. 

Ax 

D 

I 

June  22 

M. 

3 987*o 

4-60 

2-90 

17-95 

225-6 

759-2 

499-3 

D 

2 

22 

M. 

4 008-2 

4-50 

2-60 

17-81 

226-0 

759-7 

499-6 

D 

3 

22 

M. 

4010-3 

4-60 

2-90 

1773 

228-7 

759-9 

497'4 

R 

4 

23 

Mo. 

4 021-5 

4-70 

3-15 

17-48 

230-5 

760-3 

496-5 

R 

5 

23 

Mo. 

4017-5 

4-65 

3-10 

17-31 

229-5 

760-4 

497*9 

R 

6 

23 

Mo. 

4 012*2 

470 

3-10 

17-21 

227-2 

760-4 

500-2 

D 

7 

23 

Mo. 

3-999*5 

4-55 

2-90 

16-96 

232*5 

760-6 

495*8 

D 

8 

23 

Mo. 

3 996-3 

4'7o 

2-90 

16-81 

229-7 

760-5 

498-7 

D 

9 

23 

Mo. 

4011-5 

4-5o 

3-10 

17-00 

224-8 

760-4 

502-8 

R 

IO 

23 

M. 

4027-5 

4-55 

2-65 

17-40 

233-2 

759-9 

493-8 

R 

ii 

23 

M. 

4041-0 

4*45 

2-70 

17-71 

226-7 

758-8 

498-3 

R 

12 

23 

M. 

4045-3 

4-5o 

2-85 

17-85 

226-7 

758-4 

497-9 

D 

37 

25 

M. 

4 056-2 

4-55 

3-10 

18-19 

229-3 

758-3 

494-6 

R 

38 

25 

M. 

4 069-5 

4-40 

3-05 

18-24 

230-2 

758-8 

494-1 

D 

39 

25 

Mo. 

4 078-5 

4-80 

3*05 

1 8*22 

228-3 

758-8 

495*8 

R 

40 

25 

Mo. 

4077-0 

4-75 

3-00 

18*09 

227-7 

759-1 

496-9 

D 

45 

26 

M. 

4 030-2 

4-65 

2-95 

I7-73 

229-0 

758-2 

495-5 

Reduction  of  Pendulum  Observations , Seattle , Wash. 

[Periods  reduced  to  temperature  15°  C.,  pressure  500  mm.  at  0°  C.,  arc  infinitely  small,  sidereal  time.] 


Pendu- 

Swing 

Period  uncorrected. 

Corrections  (in  seventh  decimal 
place). 

Period 

lum. 

No. 

Mean  time. 

Sidereal 

time. 

Arc. 

Tem- 

perature. 

Pres- 

sure. 

Rate. 

corrected. 

s. 

s. 

s. 

Ai 

1 

*4993737 

•5007410 

-50 

— 122 

+ 1 

— 90 

•5007149 

2 

3771 

7443 

—44 

— 116 

0 

— 90 

7193 

3 

3774 

7446 

—50 

— 1 12 

+2 

— 90 

7196 

4 

3791 

7464 

—54 

— 102 

+3 

— 99 

7212 

5 

3785 

7458 

—52 

- 95 

+2 

— 99 

7214 

6 

3777 

7449 

—53 

— 91 

0 

— 99 

7206 

7 

3757 

7430 

—49 

— 81 

+3 

— 102 

7201 

8 

3752 

7425 

-5i 

— 75 

+1 

— 102 

7198 

9 

3776 

7448 

—5i 

— 82 

— 2 

— 102 

7211 

10 

3800 

7473 

—45 

— 99 

+5 

— 109 

7225 

11 

3821 

7494 

—46 

— 112 

+ 1 

— 109 

7228 

12 

3S28 

7500 

—47 

— 117 

+2 

— 109 

7229 

37 

3844 

7517 

—5i 

— 131 

+4 

— 128 

7211 

38 

3864 

7537 

—49 

—133 

+4 

— 128 

7231 

39 

3878 

7550 

—54 

—133 

+3 

— 128 

7238 

40 

3876 

7548 

—52 

—127 

+2 

— 128 

7243 

45 

3805 

7477 

—50 

— 112 

4"3 

—136 

7182 

•5007210 
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TABLE  B — Continued. 

Pendulum  Observations , Seattle , Wash . 


[Support,  stone  pier.  Chronometer,  2490  mean  time.] 


Pen- 

du- 

lum. 

Posi- 

tion. 

Swing 

No. 

Date. 

Ob- 

server. 

Ten 

coinci- 

dence 

intervals. 

Semi-arc. 

Tem- 

pera- 

ture. 

Mano- 

meter. 

Barom- 

eter. 

1 

I Pres- 
| sure  at 
| o°C. 

| 

Initial. 

Final. 

1891. 

Seconds. 

mm.* 

mm. 

°C. 

mm. 

mm. 

1 

mm. 

A2 

D 

13 

June  23 

M. 

3 44i-o 

4-60 

3-io 

17-99 

225-8 

757*7 

497-6 

D 

14 

23 

M. 

3 443-o 

4-55 

3"10 

17-99 

230-5 

757-6 

493’ 1 

D 

15 

23 

M. 

3 446-S 

4-40 

3*10 

18-14 

232-8 

757-5 

490-5 

R 

16 

24 

Mo. 

3 442-8 

4*60 

3-25 

17-86 

227-4 

756-8 

495*5 

R 

17 

24 

Mo. 

3 444*0 

4-70 

3*35 

17-68 

224-0 

756-6 

498-6 

R 

18 

24 

Mo. 

3 44°' 3 

4-65 

3-20 

I7-5I 

225-5 

756-5 

497-6 

D 

19 

24 

Mo. 

3 431-2 

4-75 

3-25 

17-15 

224-5 

756-5 

499-1 

D 

20 

24 

Mo. 

3 433-5 

4-70 

3-25 

17-05 

224-5 

756-4 

499 '3 

D 

21 

24 

Mo. 

3 434-2 

A75 

3-25 

17-01 

224-2. 

756-3 

499-6 

R 

22 

24 

M. 

3412-0 

4-60 

3-i5 

17-20 

226-5 

755*4 

496-1 

R 

23 

24 

M. 

3 422-8 

4-60 

320 

17-41 

225A 

755-2 

496-5 

R 

24 

24 

M. 

3 42i-o 

4A5 

3-i5 

17-65 

227-8 

755*2 

493-9 

D 

41 

26 

Mo. 

3 433’5 

4'65 

3-25 

irj3 

227-2 

759-3 

499-3 

R 

42 

26 

Mo. 

3 432-8 

4-75 

3*30 

17-11 

224-2 

759-3 

502-1 

Reduction  of  Pendulum  Observations , Seattle , Wash. 


[Periods  reduced  to  temperature  15°  C.,  pressure  500  mm.  at  0°C.,  arc  infinitely  small,  sidereal  time.] 


Pendu- 

lum. 

Swing 

No. 

Period  uncorrected. 

Corrections  (in  seventh  decimal 
place). 

Period 

corrected. 

Mean  time. 

Sidereal 

time. 

Arc. 

Tem- 

perature. 

Pres- 

sure. 

Rate. 

• 

s. 

s. 

a2 

13 

•4992745 

•5006415 

—52 

—.123 

+2 

— 121 

-5006121 

14 

2749 

6419 

—5i 

-123 

• +5 

— 121 

6129 

15 

2757 

6426 

—49 

— 129 

+7 

— 121 

6134 

16 

2749 

6419 

—54 

— 118 

+3 

— 142 

6108 

17 

2752 

6421 

—57 

— no 

+ 1 

— 142 

6113 

18 

2744 

6414 

—54 

—103 

+2 

—142 

6117 

19 

2725 

6394 

—56 

- 89 

+ 1 

—149 

6101 

20 

2729 

6399 

—55 

- 84 

+ 1 

— 149 

6112 

21 

2731 

6401 

-56 

- 83 

0 

—149 

6I13 

22 

2684 

6353 

—53 

— 91 

+3 

—139 

6073 

• 

23 

2707 

6376 

—53 

— 99 

+3 

—139 

6088 

24 

2703 

6372 

—5i 

— 109 

+5 

—139 

6078 

4i 

2729 

6399 

—55 

— 88 

+ 1 

—136 

6121 

42 

2728 

6397 

—57 

- 87 

— 2 

— 136 

6115 

•5006109 
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TABI4E  B — Continued. 

Pendulum  Observations , Seattle , Wash . 


[Support,  stone  pier.  Chronometer,  2490  mean  time.] 


Pen- 

du- 

lum. 

Posi 

tion. 

Swing 

No. 

Date. 

Ob- 

Ten 

coinci- 

dence 

intervals. 

Semi 

-arc. 

Tern-* 

pera- 

ture. 

Mano- 

meter. 

Barom- 

eter. 

Pres- 
sure at 
o°C. 

server. 

Initial. 

Final. 

1891. 

Seconds. 

mm. 

mm. 

°C. 

mm. 

mm. 

mm. 

A3 

D 

25 

June  24 

M. 

3 032-8 

4-60 

3-40 

1778 

230-0 

756-3 

492-7 

D 

1 26 

24 

M. 

3 040-2 

4-85 

3-40 

17-85 

230*3 

756-8 

492-8 

D 

27 

24 

M- 

3 °43-° 

T70 

3-40 

17-95 

225-0 

757-o 

497-8 

R 

28 

25 

Mo. 

3 °44-2 

4-75 

3'55 

17-75 

225-2 

757-3 

500-2 

R 

29 

25 

Mo. 

3 043-5 

4-75 

3-40 

17-66 

2270 

7574 

496-7 

R 

30 

25 

Mo. 

3 042*5 

4-75 

3-5o 

17-58 

223-7 

757-6 

500-2 

D 

31 

25 

Mo. 

3 037-0 

4-75 

3-4o 

17-21 

223-5 

758-2 

501-6 

D 

32 

25 

Mo. 

3 037-5 

4-55 

3-35 

17-20 

224-2 

758-3 

5011 

D 

33 

25 

Mo. 

3 036-8 

4*50 

330 

17-23 

222-4 

758-3 

502-6 

R 

34 

25 

M. 

3023-8 

4-60 

3-40 

17-45 

230-5 

758-i 

494*5 

R 

35 

25 

M. 

3023-0 

4-65 

345 

17-71 

225-0 

757-6 

498-7 

R 

36 

25 

M. 

3035-2 

4-65 

3-5o 

17-88 

223-8 

757*3 

499-3 

D 

43 

26 

Mo. 

3 018-8 

4-7o 

3'35 

17-25 

229-8 

758-9 

490-3 

R 

44 

26 

Mo. 

3027-8 

4-65 

3-40 

17-41 

224-7 

758-6 

5°o-5 

Reduction  of  Pendulum  Observations , Seattle , 


[Periods  reduced  to  temperature  15°  C.,  pressure  500  mm.  at  0°  C.,  arc  infinitely  small,  sidereal  time.] 


Pendu- 

lum. 

Swing 

No 

Period  uncorrected. 

Corrections  (in  seventh  decimal 
place). 

Period 

corrected. 

| 

Mean  time,  j 

| 

Sidereal 

time. 

Arc. 

Tem- 

perature. 

Pres- 

sure. 

Rate. 

| 

j.  j 

s. 

s. 

A3 

25 

•4991770  | 

•5005437 

-56 

— 115 

•45 

— 161 

-5005 1 10 

26 

1790 

5458 

— 60 

—11 7 

+ 5 

— 161 

5125 

27 

1798 

5465 

-58 

— 122 

+2 

— 161 

5126 

28 

1801 

5468 

— 61 

— 113 

0 

— 169 

5125 

29 

1799 

5466 

-58 

— no 

+2 

— 169 

5i3i 

3° 

1797 

5464 

— 60 

— 106 

0 

— 169 

5129 

3i 

1782 

5449 

# 58 

— 9i 

—1 

— 166 

5133 

32 

1783 

5450 

-55 

— 9i 

— 1 

— -166 

5137 

33 

1781 

5448 

—53 

— 92 

— 2 

— 166 

5135 

34 

1746 

5413 

-56 

— IOI 

+4 

— 112 

5148 

35 

1768 

5435 

. -58 

— 1 1 2 

+ 1 

— 112 

5154 

36 

1 777 

5444 

-58 

1 19 

4-i 

— 112 

5156 

43 

1732 

5399 

—57 

93 

43 

—136 

5116 

44 

1757 

5424 

—57 

— 99 

0 

—136 

5132 

•5005133 

1 
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TABLE  B — Continued. 

Pendulum  Observations,  Mount  Hamilton , Gal.  ( Liclc  Observatory). 


[Support,  brick  pier.  Chronometer  Negus  1720,  sidereal.] 


Pen- 

du- 

lum. 

Posi- 

Swing 

No. 

Date. 

Ob- 

server. 

Ten 

coinci- 

dence 

intervals. 

Semi-arc. 

Tem- 

pera- 

ture. 

Mano- 

meter. 

Barom- 

eter. 

Pres- 
sure at 
0 °C. 

tion. 

Initial. 

Final. 

1891. 

Seconds. 

mm. 

mm. 

°C. 

mm. 

mm. 

mm. 

A, 

R 

I 

July  3 

M. 

2 470*8 

4-70 

3*60 

20*30 

113*0 

657*2 

504'9 

R 

2 

3 

M. 

2 473*0 

4'75 

3*60 

20*57 

121*8 

657*4 

496-3 

D 

3 

3 

M. 

2 478*0 

4-75 

3*6° 

20*75 

127*3 

657-6 

49i*i 

D 

4 

3 

Mo. 

2 471*0 

4-75 

3*60 

20*98 

123*2 

657-4 

494-3 

R 

i5 

4 

M. 

2 462*0 

4-7o 

3*50 

2162 

II9-5 

658*1 

497-4 

a2 

D 

5 

3 

M. 

2771*3 

4-65 

3'40 

21*23 

120*8 

657*1 

495-8 

D 

6 

3 

M. 

2 760*0 

4-65 

3'45 

21*43 

119*8 

656*9 

496*2 

R 

7 

3 

M. 

2 771*2 

4*60 

3-4o 

21*13 

126*8' 

656*8 

490*2 

R 

8 

3 

M. 

2 767*2 

4*55 

3-45 

21*00 

124-5 

656*8 

492*6 

D 

14 

4 

M. 

2 739*0 

4*55 

3-35 

21*82 

120*3 

657-9 

496*1 

-A-3 

D 

9 

4 

M. 

3 103*0 

4-65 

3-30 

20*02 

125-5 

658*2 

494-7 

D 

IO 

4 

M. 

3 °93‘0 

4-5o 

3-3o 

20*40 

121*8 

658*5 

498*6 

R 

1 1 

4 

M. 

3 098*5 

4*70 

3-30 

21*05 

125*2 

658*6 

493'5 

R 

12 

4 

M. 

3079*2 

4-65 

3-35 

21*58 

1 12*2 

658*3 

504-3 

R 

13 

4 

M. 

1 

3 079-5 

4-65 

3'35 

2I*78 

120*2 

658*2 

496-5 
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TABLJB  B— Continued. 

Reduction  of  Pendulum  Observations , Mount  Hamilton , Cal . 
[Lick  Observatory). 


[Periods  reduced  to  temperature  15°  C.,  pressure  500mm.  at  0°  C.,  arc  infinitely  small,  sidereal  time.] 


Pendu- 

Swing 

Period 

Corrections  (in  seventh  decimal  place.) 

Period 

lum. 

No. 

uncorrected. 

Arc. 

Tempera- 

ture. 

Pressure. 

Rate. 

corrected. 

s 

s. 

Aj 

1 

•5010139 

— 61 

— 218 

—4 

4-  43 

•5009899 

2 

0130 

— 61 

— 229 

+3 

4-  43 

9886 

3 

0109 

— 61 

—237 

+7 

4-  59 

9877 

4 

0138 

—61 

— 246 

+4 

-f-102 

9937 

15 

0175 

—59 

—273 

+2 

4-  65 

9910 

•5009902 

a2 

5 

■5009037 

—57 

—257 

+3 

4~  102 

•5008828 

6 

9°74 

-58. 

— 265 

+3 

4-  87 

8841 

7 

9038 

-56 

—253 

+7 

4- 100 

8836 

8 

9051 

-56 

—247 

4-6 

4-  72 

8826 

14 

9144 

-55 

—281 

4-3 

4-  36 

8847 

•5008836 

A3 

9 

•5008070 

—55 

— 207 

4-4 

-f  80 

•5007892 

10 

8096 

—53 

— 222 

4-i  ■ 

4-  78 

7900 

11 

8081 

-56 

—249 

+5 

+ 77 

7858 

12 

8132 

-56 

—271 

—3 

4-  73 

7875 

13 

8131 

-56 

—279 

4"3 

+ 87 

7886 

•5007882 
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TABLE  B — Coi^inued. 

Pendulum  Observations , San  Francisco , Gal, 

[Support  as  designated.  Chronometer  3479,  sidereal.] 


Pen- 

du- 

lum. 

Posi- 

tion. 

Swing 

No. 

Dat<?. 

Ob- 

server. 

Ten 

coinci- 

dence 

intervals. 

Semi-arc. 

Tem- 

pera- 

ture. 

Mano- 

meter. 

Barom 

eter. 

Pres- 
sure at 
0 °C. 

Initial. 

Final. 

1891. 

Seconds. 

mm. 

mm. 

°C. 

mm. 

mm. 

mm. 

Ai* 

D 

i 

July  8 

Mo. 

2 706-8 

4-65 

3'55 

13-68 

230-0 

754-5 

498-2 

D 

2 

8 

Mo. 

2 701-0 

4-65 

3-45 

14-04 

230-0 

754-7 

497 '9 

R 

3 

8 

Mo. 

2 693-0 

4-65 

3-5o 

14-72 

234-7 

754-8 

492-2 

R 

4 

8 

Mo. 

2 674-5 

4-60 

3'5o 

16-04 

226-7 

755-i 

497-8 

R 

8 

9 

Mo. 

2 648-0 

4-60 

3*45 

I7-H 

222-7 

756-3 

500-8 

R 

IO 

9 

Mo. 

2 628-3 

4-45 

3'45 

20-32 

221-0 

756-2 

496-4 

D 

ii 

10 

Mo. 

2 665-0 

4-70 

3*55 

IS-84 

220-8 

755-4 

504-0 

D 

13 

10 

Mo. 

2 648-0 

4-60 

3'4o 

17-43 

224-7 

755'2 

497-2 

R 

30 

14 

Mo. 

2 660-5 

4-80 

370 

16-56 

221*5 

753-5 

5oo-3 

D 

5 

8 

Mo. 

2 624-8 

4-70 

3-5o 

18-81 

222-2 

7555 

497-4 

D 

6 

8 

Mo. 

2 618-5 

4-70 

3'45 

19-47 

2i8-3 

755-i 

499-5 

R 

7 

9 

Mo. 

2 644-0 

4-65 

3*45 

16-62 

227*7 

755*8 

496-3 

R 

9 

9 

Mo. 

2 607-7 

4-70 

3*40 

19-03 

220*3 

756-4 

499-6 

D 

12 

10 

Mo. 

2 638-5 

4-65 

3-45 

16-32 

222*7 

755*3 

5oi-3 

D 

H 

10 

Mo. 

2 607-8 

4-70 

3*55 

18-43 

224-7 

755-i 

495-4 

R 

29 

14 

Mo. 

2 663-8 

4-85 

3-60 

15-69 

23I-7 

753-9 

492-5 

* On  pier. 

t On  wooden  stand. 
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TABLE  B — Continued. 

Reduction  of  Pendulum  Observations , San  Francisco 9 Cal. 


[Periods  reduced  to  temperature  15°  C.,  pressure  500  mm.  at  0°  C.,  arc  infinitely  small,  sidereal  time.] 


Peridu- 

Swing 

Period 

Corrections  (in  seventh  decimal  place). 

Period 

lum. 

No. 

uncorrected. 

Arc. 

Temper- 

ature. 

Pressure. 

Rate. 

corrected. 

s 

A, 

i 

•5009253 

—59 

+ 54 

+ 1 

— 112 

•5009137 

2 

9273 

-58 

+ 40 

+2 

—hi 

9146 

3 

9301 

-58 

+ 12 

+6 

—124 

9137 

4 

9365 

-58 

— 43 

+2 

—135 

9131 

8 

9459 

—57 

- 87 

— 1 

—143 

9171 

IO 

9530 

—55 

— 219 

4-3 

-135 

9I24 

ii 

9398 

— 60 

— 35 

—3 

—124 

9176 

13 

9459 

—56 

— 100 

4-2 

—135 

9170 

30 

9414 

-64 

- 64 

0 

—123 

9163 

•5009151 

A! 

5 

. -5009542 

—59 

—i57 

4-2 

— 114 

•5009214 

6 

9565 

-58 

— 184 

0 

—132 

9191 

7 

9473 

-58 

- 67 

4-3 

— 129 

9222 

9 

9605 

-58 

—166 

0 

— 128 

9253 

12 

9493 

-58 

- 54 

— 1 

— 140 

9240 

14 

9605 

— 60 

— 141 

4-3 

—152 

9255 

. 29 

9403 

-63 

— 28 

4-6 

—104 

9214 

•5009227 

Pendulum  Observations , San  Francisco , Cal. 


[Support  as  designated.  Chronometer  3479,  sidereal.] 


Pen- 

du- 

lum. 

# 

Posi- 

tion. 

Swing 

No. 

Date. 

Ob- 

server. 

Ten 

coinci- 

dence 

intervals. 

Semi -arc. 

Tem- 

pera- 

ture. 

Mano- 

meter. 

Barom- 

eter. 

Pres- 
sure at 
o°C. 

Initial. 

Final. 

1891. 

Seconds. 

mm. 

mm. 

°C. 

mm. 

mm. 

mm. 

a2* 

D 

17 

July  11 

Mo. 

3 °43  *° 

4-60 

3-40 

14-60 

230-0 

754-4 

496*5 

D 

18 

11 

Mo. 

3 o°3 ‘8 

4-60 

3-45 

16-58 

226-3 

753-8 

495*9 

R 

20 

11 

Mo. 

2 970-5 

4-5o 

3-45 

19-87 

221-7 

752-6 

493-2 

R 

27 

14 

Mo. 

3 043-5 

4-80 

3-5o 

14-72 

224-3 

754-4 

501*7 

A2f 

D 

15 

10 

Mo. 

2 948-2 

470 

3*35 

18-96 

228-7 

754-7 

490-2 

D 

16 

11 

Mo. 

3 039-5 

470 

3*40 

I3-97 

228-3 

754-2 

499- t 

R 

19 

11 

Mo. 

2 968-0 

4*55 

3*35 

18-36 

226-7 

753-2 

491-9 

R 

28 

H 

Mo. 

3 oi6-o 

'4-75 

3-45 

14*95 

225-0 

754-4 

500-6 

a3* 

D 

21 

x3 

Mo. 

3 476*0 

4-5o 

3-25 

15-64 

229-7 

753*5 

494-1 

D 

24 

*3 

Mo. 

3 392-o 

470 

3*35 

18-15 

221-7 

753*0 

496-7 

R 

26 

14 

Mo. 

3 448*2 

4-80 

3'25 

14-79 

224-0 

754-4 

500-1 

Aaf 

D 

22 

13 

Mo. 

3 438*8 

4*5° 

3*i5 

1 6- 20 

224-7 

753-6 

498-0 

D 

23 

13 

Mo. 

3 395*8 

4*75 

3-35 

17-11 

222-5 

753*4 

498-1 

D 

25 

13 

Mo. 

3 335-o 

4-80 

3*40 

19-27 

221-8 

752-7 

494-4 

* On  pier,  t On  wooden  stand. 


553 


REPORT  FpR  1891 — PART  II. 

j 

TABLE  B— Continued. 

Reduction  of  Pendulum  Observations , San  Francisco , Cal. 


[Periods  reduced  to  temperature  15°  C.,  pressure  500  mm.  at  0°  C.,  arc  infinitely  small,  sidereal  time.] 


Pendu- 

Swing 

Period 

Corrections  (in  seventh  decimal  place). 

Period 

lum. 

No. 

uncorrected. 

Arc. 

Temper- 

ature. 

Pressure. 

Rate. 

corrected. 

j. 

s. 

a2 

17 

•5008229 

-56  ■ 

-f  16 

+3 

-158 

•5008034 

18 

8337 

—57 

- 65 

+3 

—165 

8053 

20 

8430 

-56 

— 201 

+5 

— 151 

8027 

27 

8228 

— 60 

+ 12 

— 1 

— 129 

8050 

•5008041 

a2 

15 

•5008494 

—57 

— 163 

+7 

—165 

•5008116 

16 

8238 

-58 

+ 42 

+ 1 

— 134 

8089 

19 

8437 

—55 

-138 

+6 

— 149 

8101 

28 

8303 

—59 

+ 2 

0 

— 134 

8112 

•5008104 

A3 

21 

•5007202 

- 53 

— 26 

+4 

— 81 

•5007046 

24 

738i 

—57 

* —13° 

+2 

— 118 

7078 

26 

7261 

-57 

+ 9 

0 

—125 

7088 

•5007071 

A3 

22 

•5007281 

—5i 

— 49 

+2 

— 66 

•50071 17 

23 

7373 

-58 

- 87 

+ 1 

— 99 

7130 

25 

75o8 

—59 

— 176 

+4 

— 120 

7157 

•5007135 

TABLE  B — Continued. 

Pendulum  Observations , St.  Paul  Island ? Alaska. 


[Support,  large  block  of  wood.  Chronometer  2490,  mean  time.] 


Pen- 

du- 

lum. 

Posi- 

tion- 

Swing 

No. 

Date. 

Ob- 

server. 

Ten 
coinci- 
dence in- 
tervals. 

Semi-arc. 

Tem- 

pera- 

ture. 

Mano- 

meter. 

Barom- 

eter. 

Pres- 
sure at 
o°  C. 

Initial. 

Final. 

1891. 

Seconds. 

mm. 

mm. 

0 C. 

mm. 

mm. 

mm. 

Aj 

D 

1 

Aug.  6 

M. 

2 782-5 

4-5o 

3*30 

I2'IO 

237-0 

758-2 

498-1 

D 

2 

6 

M. 

2 780-0 

4-40 

3*30 

1I-90 

241-9 

758-1 

493-6 

A2 

D 

3 

6 

M. 

2457-2 

470 

3-30 

io-8i 

2347 

756-9 

501*5 

D 

4 

6 

M. 

2 455*0 

4-60 

3-40 

10-47 

233-6 

756*9 

503-2 

A3 

D 

5 

7 

M. 

2 242-5 

4-85 

3*95 

1072 

226-3 

756-0 

5o8-S 

D 

6 

7 

M. 

2 244-0 

4-85 

3-30 

12-15 

229-0 

756-3 

503-8 
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TABLE  B — Continued. 

Reduction  of  Pendulum  Observations , St.  Paul  Island , Alaska. 


[Periods  reduced  to  temperature  15°  C.,  pressure  500  mm.  at  0°  C.,  arc  infinitely  small,  sidereal  time.] 


Pendu- 

Swing 

Period  uncorrected. 

Corrections  (in  seventh  decimal 
place). 

Period 

lum. 

No. 

Mean  time. 

Sidereal 

time. 

Arc. 

Tem- 

perature. 

Pres- 

sure. 

Rate. 

corrected. 

s. 

s. 

s. 

A, 

i 

•499103 1 

•5004696 

—53 

+ II9 

+1 

4-58 

•5004821 

2 

1023 

4688 

—52 

+ 128 

+5 

4-58 

4827 

•5004824 

a2 

3 

•4989846 

•5003508 

-56 

+ 173 

_i 

+58 

•5003682 

4 

9837 

3499 

-56 

+ 187 

— 2 

4-58 

3686 

•5003684 

a:! 

5 

•4988876 

•5002535 

—68 

+ 176 

—7 

+58 

•5002694 

6 

8884 

2543 

-58 

+II7 

—3 

+58 

2657 

•5002676 

Pendulum  Observations , Washington , D.  (7.  ( Smithsonian  Institution) 


[Support,  brick  pier.  Chronometer,  Negus  1589,  sidereal.] 


Pen- 

du- 

lum. 

Posi- 

tion. 

Swing 

No. 

Date. 

Ob- 

server. 

Ten 

coinci- 

dence 

intervals. 

Semi-arc. 

Tem- 

pera- 

ture. 

Mano- 

meter. 

Barom- 

eter. 

Pres- 
sure at 
o°C. 

Initial. 

Final. 

1891. 

Seconds. 

mm. 

mm. 

°C. 

mm. 

mm. 

mm. 

Ax 

D 

1 

Oct.  21 

F. 

2 767-8 

4-90 

3-65 

2I-IO 

231-8 

765'3 

493-3 

D 

2 

21 

F. 

2 769-5 

U95 

3-7o 

21-20 

228-8 

76S-5 

496-3 

R 

3 

21 

M. 

2 771-0 

4-7o 

3*6  0 

21-50 

228-3 

764-0 

494*8 

R 

4 

21 

M. 

2 767-0 

4-65 

3-6o 

2I-67 

225-4 

763-8 

497-1 

R 

5 

21 

M. 

2 767-2 

4-80 

3-55 

2172 

225-0 

763-7 

497-3 

a3 

D 

6 

22 

F. 

3 154-5 

4-80 

3-5o 

21-00 

223-5 

759*8 

496-3 

D 

7 

22 

F. 

3 156-0 

4.90 

3-40 

2I-IO 

221-6 

759-5 

497*6 

D 

8 

22 

F. 

3 H7-2 

4-85 

3-60 

21*30 

220*2 

759*i 

498-2 

R 

9 

22 

, M. 

3 H4'5 

4-80 

3-25 

21-67 

221*6 

760*6 

497-6 

R 

10 

22 

M. 

3 i4i-o 

4-75 

3-40 

2170 

221-2 

760-6 

497-9 

R 

11 

22 

M. 

3 142-8 

4-85 

3'45 

2170 

221*2 

760*7 

498-0 

A3 

D 

. 12 

23 

F. 

3 604-0 

4*85 

3"35 

20-70 

2267 

764-1 

497*7 

D 

13 

23 

F. 

3 607-0 

4-9o 

3-40 

2077 

225-I 

763-8 

498-9 

D 

14 

23 

F. 

3 604-0 

4-80 

3-5o 

20*83 

223-4 

763-2 

499-8 

R 

15 

23 

M. 

3 594-8 

4*75 

3'35 

2110 

224*2 

762-2 

497'7 

R 

16 

23 

M. 

- 3 594*5 

3‘4o 

21-25 

223-I 

762-5 

498-8 

R 

17 

23 

M. 

3 591-5 

4*60 

3-20 

21*40 

222*1 

762-7 

499-6 
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TABLE  B— Continued. 

Reduction  of  Pendulum  Observations , Washington,  D.  C. 
( Smithsonian  Institution). 


[Periods  reduced  to  temperature  15°  C.,  pressure  500mm.  at  0°C.,  arc  infinitely  small,  sidereal  time.] 


Pendu- 

Swing 

Period 

Corrections  (in  seventh  decimal  place.) 

Period 

lum. 

No. 

uncorrected. 

Arc. 

Temper- 

ature. 

Pressure. 

Rate. 

corrected. 

s. 

A, 

i 

•500Q049 

-64 

—251 

+5 

+34 

•5008773 

2 

9042 

—66 

—255 

+3 

+34 

8758 

3 

9038 

— 61 

—268 

+4 

+40 

8753 

4 

9051 

— 60 

—275 

+2 

+39 

8757 

5 

9051 

— 61 

—277 

+2 

+39 

8754 

•5008759 

a2 

6 

•5007938 

— 60 

—247 

+3 

+33 

•5007667 

7 

7934 

— 60 

—251 

+2 

+32 

7657 

8 

7956 

—63 

— 260 

+ 1 

+32 

7666 

9 

7963 

-57 

—275 

+2 

+36 

7669 

IO 

7972 

-58 

— 276 

+2 

+39 

7679 

7967 

— 60 

— 276 

+2 

+40 

7673 

•5007668 

a3 

12 

•5006946 

—59 

—235 

+2 

+52 

•5006706 

13 

6941 

— 60 

-238 

+ 1 

+56 

6700 

14 

6946 

— 60 

— 240 

0 

+55 

6701 

i5 

6964 

-58 

—251 

+2 

+41 

6698 

- 

16 

6964 

-58 

-258 

+ 1 

+35 

6684 

17 

6971 

—53 

— 264 

0 

' +35 

6689 

•5006696 
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TABLE  B — Continued. 

Pendulum  Observations , Hoboken,  N.  J . 


[Support,  brick  pier.  Chronometer,  Negus  1824,  sidereal.] 


Pen- 

du- 

lum. 

Por- 

tion. 

Swing 

No. 

Date. 

.Ob- 

server. 

Ten 
coinci- 
dence in- 
tervals. 

Semi-arc. 

Tem- 

pera- 

ture. 

Mano- 

meter. 

Barom- 

eter. 

Pres- 
sure at 
o°  C. 

Initial. 

Final. 

1891. 

Seconds. 

mm. 

mm. 

°C. 

mm. 

mm. 

mm. 

A, 

D 

1 

Nov.  13 

M. 

2953-0 

4-65 

3-35 

18-06 

238-3 

771-6 

498-8 

D 

2 

13 

M. 

29  45-0 

4-65 

3-35 

18-30 

238-1 

772-1 

499-1 

D 

3 

13 

S. 

29  41-2 

4-60 

3-40 

18-49 

238-0 

772-6 

499*2 

R 

4 

13 

M. 

29  38-2 

4-60 

375 

18-69 

236-8 

772-9 

500-2 

R 

5 

13 

M. 

29  38-8 

4-70 

3*30 

18-76 

236-6 

772-9 

500-3 

R 

6 

14 

M. 

29  39’5 

4-80 

3*40 

18-74 

236-6 

772-9 

500-4 

a2 

D 

7 

14 

S. 

33  90'° 

4-60 

3-20 

18-56 

236-7 

774-0 

501-7 

D 

8 

14 

S. 

33  89-5 

475 

315 

18-49 

236-7 

77U4 

502-1 

D 

9 

14 

S. 

33  89-2 

4*65 

3-10 

18-46 

236-6 

774-7 

502-5 

R 

10 

14 

S. 

33  84-2 

470- 

3-15 

18-46 

236-2 

775-1 

503-2 

R 

11 

14 

s. 

33  89-5 

4-65 

3-05 

18*46 

236-1 

775-i 

503-3 

R 

12 

14 

s. 

33  85-2 

47° 

3-10 

18-49 

235-1 

774-6 

503-8 

A3 

D 

13 

14 

M. 

39  27-2 

4*55 

2'95 

18-49 

237-2 

773-0 

500-3 

D 

H 

14 

M. 

39  20-5 

4’55 

3'10 

18-49 

236-9 

773-4 

501*0 

D 

15 

14 

M. 

39  I9’° 

4'55 

2-95 

18-49 

239-8 

774-0 

498-9 

R 

16 

14 

S. 

39  15*2 

470 

3*°° 

18-49 

237-5 

774-4 

501-4 

R 

17 

14 

S. 

39  I7'0 

47o 

3-05 

18-49 

235-5 

774-7 

503-5 

R 

18 

14 

S. 

39  20-5 

4-65 

3-00 

18-46 

240-0 

775*3 

499-9 
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TABLE  B — Continued. 


Reduction  of  Pendulum  Observations , Hoboken,  N.  J. 

[Periods  reduced  to  temperature  15°  C.,  pressure  500  mm.  at  0°  O'.,  arc  infinitely  small,  sidereal  time.] 


Pendu- 

Swine 

Period 

Corrections  (in  seventh  decimal  place). 

Period 

lum. 

No. 

uncorrected. 

Arc. 

Temper- 

ature. 

Pressure. 

Rate. 

corrected. 

s. 

s. 

Ai 

i 

•5008480 

-56 

— 126 

+ 1 ’ 

+ 79 

•5008378 

2 

8503 

-56 

-136 

; +1 

+75 

8387 

3 

8515 

—56 

—144 

+ 1 

+77 

8393 

4 

8523 

'-56 

— 152 

0 

+77 

8392 

5 

8521 

-56 

-155 

0 

+79 

8389 

6 

8519 

—59 

—154 

0 

+80 

8386 

•5008388 

a2 

7 

•5007386 

—53 

— 147 

— 1 

+85 

•5007270 

8 

7386 

—55 

—144 

— 2 

-f  88 

7273 

9 

’ 7387 

—52 

— 143 

_ — 2 

+ 89 

7279 

IO 

739S 

—54 

—143 

— 2 

+92 

7291 

1 1 

7386 

-5i 

-143 

—2 

+94 

7284 

12 

% 

7396 

— 53 

— 144 

—3 

+96 

7292 

•5007282 

a3 

13 

•5006374 

—49’ 

— 144 

0 

+98 

•5006279 

14 

6385 

—5i 

—144 

— 1 

+92 

6281 

i5 

6387 

—49 

—144 

-H 

+85 

6280 

16 

6393 

—52 

—144 

— 1 

+80 

6276 

i7 

6391 

-52 

—144 

—3 

+76 

6268 

18 

6385 

• 

-5i 

—143 

a 

+76 

6267 

•5006275 
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TABLE  C. 

Summary  of  mean  periods  of  pendulums  Au  A27  and  A3,  with  correction 
for  flexure  at  stations  where  wooden  stand  was  used , and  final  cor- 
rected periods. 


[Reduced  to  temperature  15°  C.,  pressure  500  mm.  at  0°  C.,  infinitesimal  arc,  sidereal  time.] 


Station. 

Periods,  uncorrected  for 
flexure. 

Correc- 
tion for 
flexure  of 
wooden 
stand 
(seventh 
decimal 
place). 

Final  corrected  periods. 

Ai 

a2 

a3 

A, 

A2 

A3 

s. 

s. 

s. 

s. 

s. 

s. 

I . Washington  : 

March. 

.5008779 

•5007667 

•5006702 

•5008779 

•5007667 

•5006702 

October. 

8759 

7668 

6696 

8759 

7668 

6696 

Mean. 

8769 

7668 

6699 

2.  San  Francisco  : 

April. 

9176 

8037 

7103 

9176 

8037 

7103 

July  (pier). 

9151 

8041 

7071 

9151 

8041 

7071 

July  (wooden 

0 

stand). 

9227 

8104 

7135 

— 68 

9159 

8036 

7067 

Mean. 

9162 

8038 

7080 

3.  Port  Simpson. 

5459 

4258 

3286 

— 68 

5391 

4190 

3218 

4.  Juneau. 

4686 

3542 

2635 

— 68 

4618 

3474 

2567 

5.  Pyramid  Harbor. 

4537 

3342 

2386 

—68 

4469 

3274 

2318 

6.  Yakutat  Bay. 

447i 

3338 

2358 

—68 

4403 

3270 

2290 

7.  Sitka. 

4769 

3588 

2686 

4769 

3588 

2686 

8.  Wrangell. 

5034 

3901 

3006 

—68 

4966 

3833 

2938 

9.  Burroughs  Bay : 

Rock. 

5291 

4091 

3186 

5291 

4091 

3186 

Wooden  stand. 

5243 

4082 

3260 

—68 

5175 

4014 

3192 

Mean. 

52 33 

4052 

3189 

10.  Seattle. 

7210 

6109 

5133 

7210 

6109 

5133 

1 1 . Mount  Hamilton. 

9902 

8836 

7882 

9902 

8836 

7882 

12.  St.  Paul  Island. 

4824 

3684, 

2676 

4824 

3684 

2676 

13.  Hoboken. 

8388 

7282 

6275 

8388 

7282 

6275 
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TABLE  D. 

Values  of  g at  stations  of  189 1,  derived  from  comparisons  of  mean  periods 
of  separate  pendulums  with  periods  at  Washington , D.  G. 

[Based  on  value  of  g at  Washington  assumed  to  be  980-1000  dynes.] 


San  Francisco , Cal. 

Yakutat  Bay , Alaska. 

Seattle , 

Wash. 

\ 979-9461 

Ay 

981-8107 

Ay 

980-7105 

a2  -9552 

a2 

•8239 

a2 

•7105 

a3  -9507 

a3 

•8289 

a3 

7137 

979-9507 

98i-’82I2 

9807116 

Port  Simpson,  Alaska. 

Sitka,  Alaska. 

Mount  Hamilton,  Cal. 

Aj  98i‘4234 

Ay 

981-6675 

Ay 

979-6564 

A 2 -4627 

A 2 

•6987 

a2 

'6430 

a3  *4645 

a3 

•6730 

a3 

•6375 

981-4502 

♦ 

981-6797 

979-6456 

Juneau , Alaska. 

Wrangell,  Alaska. 

St.  Paul  Island,  * Alaska . 

Ai  981-7267 

Ay 

981-5902 

Ay 

981-6458 

A2  -7439 

a2 

•6029 

a2 

•6611 

A3  7200 

a3 

•5743 

a3 

•6770 

981-7302 

• 

981-5891 

981-6613 

Pyramid  Harbor , Alaska. 

Burroughs 

Alaska. 

Hoboken 

AV. 

Ay  98i‘785° 

Ay 

981-4852 

Ay 

980-2493 

A2  ’8225 

A2 

•5169 

a2 

•2511 

A3  -8i8o 

a3 

'4753 

a3 

•2661 

981-8085 

. 

1 

981-4925 

980-2555 
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TABLE  E. 

Results  of  observations  made  with  half  second  pendulums  at  stations 
in  the  United  States  and  British  Columbia , from  March  to  November , 
1891. 


[Based  on  value  of  g at  Washington,  D.  C.  (Smithsonian  Institution),  assumed  to  be  980' 1000  dynes.] 


Station. 

Latitude 

(north). 

Longitude 
(west  of 
Green- 
wich). 

Elevation 
above 
mean  sea 
level. 

g . 

at  station. 

g 

reduced  to 
sea  level. 

O / 

O / 

Feet. 

Dynes. 

Dynes. 

Washington,  D.  C.  (Smithso- 

38 53 

77  02 

34 

[980*1000] 

980*1020  r 

nian  Institution). 

San  Francisco,  Cal. 

37  47 

122  26 

375 

979*9507 

979*9727 

Seattle,  Wash. 

47  36 

122  20 

243 

980*7116 

980*7258 

Mount  Hamilton,  Cal.  (Lick 

37  20 

121  39 

4205 

979*6456 

979*8920 

Observatory). 

Hoboken,  N.  J. 

40  44 

74  02 

35 

980*2555 

980*2576 

Port  Simpson,  B.  C. 

54  34 

130  26 

19 

981*4502 

98i*45I3 

Juneau,  Alaska. 

58  18 

134  24 

16 

981*7302 

981*7311 

Pyramid  Harbor,  Alaska. 

59  10 

135  26 

i5 

981*8085 

981*8094 

Yakutat  Bay,  Alaska. 

59  32 

139  48 

13 

981*8212 

981*8220 

Sitka,  Alaska. 

57  03 

135  20 

28 

981*6797 

981*6813 

Wrangell  Alaska. 

56  28 

132  23 

23 

981*5891 

981*5904 

Burroughs  Bay,  Alaska. 

55  59 

131  16 

0 

981*4925 

981*4925 

St.  Paul  Island  Alaska. 

57  07 

170  19 

40 

981*6613 

981*6636 

[The  reduction  of  g to  sea  level 

dg 

is  made  by  use  of  formula  — = 2 
g 

;H£] 

, where  h is 

height  of  station  above  mean  sea  level,  r is  radius  of  earth,  6 is  surface  density,  a is  mean 


density  of  earth,  and  -r  is  assumed  to  be  one-half.  J 


REPORT  FOR  1891 PART  II. 


561 


TABLE  F. 


3 1 

assuming  — = - and  comparison  with  g as  derived  from  HelmerVs  for- 
mula l = 0m- 9 93549  — • 002631  cos  2 <p  [or  g ==  980-5934  — 2-5967  cos  2 <p}. 


[ft  height  of  station  above  sea;  r= radius  of  earth;  <5  = densityof  table  land;  A = densityof  earth 
(mean) ; l = length  of  seconds  pendulum;  <f>  = latitude  of  station.] 


Station. 

<P 

Latitude 

(north). 

h 

Eleva- 

tion. 

9 

Correc- 
tion 
for  h. 

g at  sea 
level. 

gy 

Helmert’s 

formula. 

g—gl* 

Washington. 

O 

38 

/ 

53 

Feet. 

34 

980-1000 

-f-*oo$o 

980-1020 

980  0432 

Dynes. 
+ ■0588 

San  Francisco. 

37 

47 

375 

979-9507 

-{-'0220 

979.9727 

979-9462 

-f-0265 

Port  Simpson. 

54 

34 

19 

981-4502 

-j--ooii 

98I-45I3 

981-4445 

-]--oo68 

Juneau. 

58 

%i8 

16 

981-7302 

+ •0009 

981-7311 

981-7561 

— -0250 

Pyramid  Harbor. 

59 

10 

15 

981-8085 

-j--ooo9 

981-8094 

981-8258 

— -0164 

Yakutat  Bay. 

59 

32 

13 

981-8212 

-}--ooo8 

981-8220 

981-8549 

-•0329 

Sitka. 

57 

03 

28 

981-6797 

-[-•0016 

981-6813 

981-6537 

4--0276 

Wrangell. 

56 

28 

23 

981-5891 

+•0013 

981.5904 

981.6052 

—•0148 

Burroughs  Bay. 

55 

59 

0 

981-4925 

0 

981-4925 

981-5647 

— -0722 

Seattle. 

47 

36 

243 

980-7116 

-{-•0142 

980-7258 

980-8287 

— -1029 

Mount  Hamilton. 

37 

20 

4205 

979-6456 

+•2464 

979-8920 

979-9067 

—•0147 

St.  Paul  Island. 

57 

07 

40 

981-6613 

+•0023 

981-6636 

981-6592 

+•0044 

Hoboken. 

40 

44 

35 

980-2555 

-(-'0021 

980-2576 

980-2081 

+ •0495 

* + excess ; — defect  of  gravity. 


H.  Ex.  43,  pt.  2-36 


Effect  of  position  of  pendulum. — Mean  periods  for  pendulums  in  eaeli  position  for  stations  of  1891  where  more  than  one  swing 

leas  made  in  each  position. 
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Transfer  of  base  station  from  the  Smithsonian  Institution  to  the  Office  of 
the  Coast  and  Geodetic  Survey. 

The  room  in  the  Smithsonian  Institution  which,  through  the  kind- 
ness of  the  Secretary,  has  been,  from  the  beginning  of  the  pendulum 
operations  of  the  Survey,  the  u base  station  ” of  all  of  its  gravity  work, 
is  for  several  reasons  not  well  suited  for  this  purpose.  The  principal 
difficulty  was  the  sensible  vibratory  movement  of  the  piers,  due  to  the 
passage  of  carriages  or  wagons  over  the  roadway  which  passes  very 
near  the  corner  of  the  pendulum  room.  Experiment  having  shown 
that  good  stability  combined  with  evenness  of  temperature  could  be 
obtained  in  one  of  the  lowest  basement  rooms  of  the  Office  of  the  Sur- 
vey, it  was  determined  to  make  this  the  base  station  for  the  future. 
The  room  was  fitted  up  especially  for  the  work,  with  a double- walled 
chamber  within  the  outer  walls  of  the  room,  in  which  two  large  piers 
were  built.  Openings  through  the  walls  were  provided,  so  that  if  nec- 
essary four  pendulums  could  be  swung  at  one  time,  the  observers  with 
chronometers,  flash  apparatus,  etc.,  being  outside  of  the  pendulum 
chamber. 

The  distance  between  the  two  stations  being  almost  exactly  a mile, 
one  being  nearly  due  west  of  the  other,  and  the  difference  of  elevation 
being  only  a few  feet,  it  might  have  been  assumed  with  safety  that  the 
force  of  gravity  would  be  sensibly  the  same,  and  the  vibration  periods 
of  the  pendulums  at  the  Smithsonian  might  have  been  accepted  as  cor- 
rect for  the  Office  of  the  Survey.  It  was  considered  best,  however,  to 
make  an  actual  comparison  of  gravity  at  the  two  points,  and  to  do  this 
by  the  method  of  telegraphic  comparison  described  in  this  volume. 
The  arrangement  of  the  telegraphic  connection  was  essentially  that 
shown  on  page  529.  The  pendulums  compared  were  Bb  which  is  one  of 
the  set  used  in  Honolulu  by  Mr.  Preston,  and  which  carries  a knife- 
edge,  and  A4,  which  is  one  of  the  latest  form,  bearing  a plane  instead 
of  a knife  edge,  the  latter  being  attached  toffbfr  support.  The  observ- 
ers were  Mr.  Putnam,  Subassistant,  and  Mr.  von  der  Trenck,  acting 
aid.  The  full  report  of  this  interesting  work,  with  details,  will  be 
printed  in  the  Eeport  for  1892,  but  it  is  desirable  to  anticipate  that  by 
a presentation  of  the  results  at  tiffs  time. 

Sets  of  vibrations  were  made  under  three  different  conditions:  First, 
with  both  pendulums  at  the  Office;  second,  witli  A4  at  the  Office  and 
Bj  at  the  Smithsonian  Institution;  third,  with  A4  at  the  Smithsonian 
Institution  and  Bj  at  the  Office.  By  combining  these  three  sets  in 
three  ways  the  excess  of  the  period  at  the  Office  was  found  to  be  as 
follows : 


Combining  I and  II, 
Combining  I and  III, 
Combining  II  and  III, 


Seconds. 

■00000066 

•00000042 

•00000054 


Moan  excess, 


•00000054 
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From  this,  the  excess  of  gravity  at  the  Smithsonian  Institution  ovei 
that  at  the  Office  is  found  to  be  0*0021  dyne.  The  elevation  of  the 
pendulum  at  the  Office  is  nearly  five  metres  greater  than  that  at  the 
Smithsonian  Institution. 

In  the  execution  of  this  comparison  thirty- one  separate  simultaneous 
swings  of  the  two  pendulums  were  made,  each  swing  lasting  a little 
more  than  an  hour.  The  agreement  among  the  results  was  most  grati- 
fying. The  most  discordant  result  differed  from  the  mean  by  less  than 
one  part  in  one  million,  and  for  the  excess  of  period  at  the  Office  of  the 
Survey  the  most  discordant  value  differs  from  the  mean  by  only  one 
part  in  two  and  a half  millions.  This  promises  a degree  of  accuracy 
in  differential  gravity  work  exceeding  anything  hitherto  attained. 
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REPORT  OF  THE  TOPOGRAPHICAL  CONFERENCE,  CONVENED  AT  WASH- 
INGTON BY  DIRECTION  OF  THE  SUPERINTENDENT  IN  JANUARY,  1892. 


The  members  of  the  Topographical  Conference,  convened  under  in- 
structions of  the  Superintendent  of  the  Coast  and  Geodetic  Survey, 
present  the  following  report  of  their  proceedings  and  submit  a series 
of  appended  papers  embodying  the  facts  and  reasons  which  have 
governed  them  in  forming  opinions  and  coming  to  conclusions  on  the 
subjects  referred  to  them. 

The  Conference  met  at  the  Office  of  the  Survey  in  Washington,  on 
January  18,  1892,  and  held  daily  sessions  after  that  date  up  to  March 
7,  during  which  time  the  subjects  assigned  to  committee  investigation 
and  discussed  in  Conference  have  received  consideration  and  have  been 
acted  upon  with  careful  deliberation. 

Before  taking  up  special  questions,  however,  it  seems  important  to 
consider  the  subject  of  surveys  in  the  abstract,  and  not  to  lose  sight  of 
the  fact  that  the  business  of  making  and  extending  them  over  large 
areas  of  territory  is  not  one  in  the  general  market  of  professional  com- 
petition, and  is  work  seldom  undertaken  except  under  National  or 
State  auspices.  Even  in  the  most  general  way  it  is  an  operation  of 
much  magnitude  to  go  over  the  ground  of  a large  territory.  The 
question  of  opportunity  becomes,  therefore,  an  important  factor  in 
determining  wiiat  shall  be  the  scope  and  character  of  a survey.  This 
is  apart  from  the  question  of  “ Special  Purpose,”  discussed  more  fully 
elsewhere  in  this  report. 

The  term  u cheap  survey,”  unless  specially  defined,  is  a misleading 
one  to  the  general  public.  There  are,  of  course,  in  topographical 
surveys  and  their  resulting  maps,  as  in  other  works,  degrees  of  value. 
The  enterprises  of  the  day  call  for  reliable  information  on  all  practical 
subjects;  and  topographical  surveys  and  maps  that  do  not  meet  these 
public  requirements  fail  in  a respect  which  is  becoming  more  and  more 
important  in  the  economy  of  modern  improvements.  A small  percent- 
age of  increased  expenditure* of  time  and  means,  while  on  the  ground , 
would  secure  such  results  as  the  true  elevation  of  important  lakes  and 
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ponds  in  tlieir  relation  to  the  adjacent  country,  and  the  descending 
grades  of  streams  possibly  available  for  manufacturing  power  and 
other  incidental  purposes  of  utility.  But  where  only  a picture  of 
nature  is  attempted,  and  that  but  crudely,  and  where  the  scale  of  its 
representation  is  so  small  that  nothing  very  definite  can  be  shown,  the 
undertaking  of  such  a project  becomes  one  of  questionable  economy 
and  exj^ediency,  unless  it  be  of  some  unexplored  or  comparatively 
valueless  region,  or  for  the  purpose  of  merely  geographical  maps. 

The  Conference  desires  to  express  emphatic  disapproval  of  any 
system  of  field  work  which  permits  illustrations  beyond  the  sux>ervision 
of  the  topographer,  and  by  which  imperfect  and  inaccurate  represen- 
tations of  features  professed  to  be  indicated  are  incorporated  with  its 
results  as  determinations.  No  such  work  should  be  regarded  or 
accepted  by  the  profession  as  a legitimate  topographical  survey ; nor 
by  those  who  recognize  the  importance  of  what,  in  the  more  highly  de- 
veloped countries  of  Europe,  is  considered  an  absolute  necessity,  viz, 
the  surveying  and  mapping,  with  trustworthy  accuracy,  the  public 
domain. 

The  members  of  the  Conference  were  Assistants  Henry  L.  Whiting, 
R.  M.  Baclie,  Augustus  F.  Rodgers,  W.  H.  Dennis,  Cleveland  Rock- 
well, John  W.  Donn,  C.  T.  Iardella,  Herbert  G.  Ogden,  D.  B.  Waiu- 
wright,  W.  C.  Hodgkins,  and  J.  A.  Flemer. 

Through  answers  to  a circular  letter  of  invitation  from  the  Con- 
ference to  contribute  views  on  topographical  matters,  the  following 
named  assistants  of  the  Survey  became  to  that  extent  its  coadjutors: 
Messrs.  George  Davidson,  H.  L.  Marindin,  J.  J.  Gilbert,  F.  W.  Per- 
kins, E.  F.  Dickins,  W.  I.  Yinal,  and  Fremont  Morse.  To  these,  as 
having  also  sent  answers  to  the  same  circular  letter,  may  be  added 
Messrs.  Charles  Junken,  A.  Lindenkolil,  and  F.  C.  Donn,  draughts- 
men in  the  Office  of  the  Survey.  For  these  letters  see  Supplement  A. 

The  following  abstract  of  the  proceedings  of  the  Conference  records 
them,  as  far  as  possible,  in  the  order  in  which  they  occurred. 

The  Topographical  Conference  having  been  called  to  order  on 
January  18, 1892,  with  the  Superintendent  of  the  Survey,  Dr.  T.  C.  Men- 
denhall, in  the  chair,  he  suggested  some  of  the  topics  which  he  wished 
discussed  by  the  Conference. 

The  Superintendent,  upon  the  close  of  his  address,  designated  Mr. 
Henry  L.  Whiting  as  chairman  of  the  Conference,  and  Mr.  J.  A. 
Flemer  as  secretary.  The  Conference  itself,  later  in  the  proceedings, 
appointed  Mr.  Augustus  F.  Rodgers,  chairman  of  the  committee  of  the 
whole. 

The  duties  of  the  Topographical  Conference  gradually  found  their 
preliminary  place  in  the  work  of  the  following  committees,  the 
respective  resolutions  as  to  whose  guidance,  coupled  with  the  results 
reached  and  presented  in  each  case  to  the  Conference,  will  be  subse- 
quently dealt  with. 
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COMMITTEES  OF  THE  TOPOGRAPHICAL  CONFERENCE. 

(1)  Classification  of  topography  of  tlie  United  States — Messrs.  Og- 
den, Bache,  and  Donn. 

(2)  Merits  and  defects  of  topographical  instruments — Messrs.  Rodg- 
ers, Donn,  and  Ogden. 

(3)  Classification  of  topographical  field-work — Committee  of  the 
Whole. 

(4)  Methods  of  United  States  and  Foreign  Government  surveys — 
Messrs.  Dennis,  Donn,  Wain wright,  Hodgkins,  and  Flemer. 

(5)  Uniformity  in  conventional  signs — Messrs.  Dennis,  Bache,  Rock- 
well, Donn,  and  Flemer. 

(6)  Section  4,  Superintendent’s  suggestions — Committee  of  the 
Whole. 

(7)  On  rules  to  govern  the  topographical  surveys  in  the  different 
typical  sections  considered — Messrs.  Rockwell,  Wainwright,  and 
Hodgkins. 

(8)  Definition  of  topographical  reconnaissance — Messrs.  Ogden, 
Bache,  and  Donn. 

The  above  list  does  not  represent  the  order  of  resolutions  by  which 
committees  were  appointed,  some  resolutions  not  necessitating  the 
formation  of  committees  and  other  resolutions  producing  only  tran- 
sient ones. 

Mention  of  certain  committees  is  properly  omitted  from  the  list 
because  their  work  was  merely  preparatory.  Such  are:  The  original 
No.  7 resolution  and  committee  on  rules  and  order  of  business — Messrs. 
Rodgers,  Wainwright,  and  Hodgkins ; the  original  No.  16  resolution 
and  committee  on  list  of  topographers — Messrs.  Iardella  and  Wain- 
wright, and  the  original  No.  19  resolution  and  committee  on  printing 
and  typewriting — Messrs.  Bache,  Wainwright,  and  Hodgkins.  These 
committees  may  evidently,  for  the  reason  assigned,  be  left  out  ot 
consideration  on  a list  of  those  including  more  permanent  duty  in 
connection  with  the  Topographical  Conference. 

There  is,  however,  a notable  exception  to  this  rule  of  excluding 
mention  of  committee  work  which  has  been  merely  preparatory,  and 
that  is  to  be  found  in  the  original  No.  3 resolution  and  committee  “On 
the  Superintendent’s  suggestions,”  Messrs.  Donn,  Dennis,  and  Flemer. 

This  committee  formulated,  more  precisely  than  they  had  at  first 
been  set  down,  the  statements  of  the  Superintendent  in  his  opening 
address  before  the  Topographical  Conference.  Upon  that  precision  de- 
pended the  worth  of  the  results  obtainable  by  the  Conference  through 
discussion.  It  thus  becomes  necessary  to  mention  here  not  only  the 
work  of  that  committee,  but  to  add  the  following  summary  of  the 
statements  of  the  Superintendent,  as  presented  by  the  committee  to 
the  Conference. 
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SUGGESTIONS  BY  THE  SUPERINTENDENT  OF  TOPICS  FOR  DISCUSSION. 

(1)  Review  the  present  state  of  the  science  and  art  of  topography,  in- 

cluding the  investigation  of  work  done  in  our  own  country— 

(a)  By  the  Government. 

(b)  By  private  individuals. 

Also  the  more  recent  advances  in  methods  or  improvements  in 
instruments  in  other  countries. 

(2)  Glassification  or  gradation  of  topographical  surveys  and  the  desig- 

nation of  such  classes  to  grades,  so  that  the  character  of  any 
piece  of  work  may  be  expressed  with  reasonable  accuracy  by  a 
single  word,  letter,  or  denomination.  This  will  include  a dis- 
crimination between  a survey  and  a reconnaissance. 

(3)  The  establishment  of  uniformity  in  the  use  of  conventional  signs 

and  the  use  of  contours  for  the  representation  of  characteristic 
features. 

(4)  Methods  by  which  work  may  be  rendered  more  rapid  and  less  ex- 

pensive, without  material  loss  of  accuracy,  and  methods  for 
cheap  topography,  securing  the  highest  accuracy  attainable 
with  the  least  expenditure  of  time  and  of  a given  sum  of  money. 
On  January  19,  at  the  second  session  of  the  Conference,  Mr.  Bache 
read,  by  its  request,  at  the  instance  of  Mr.  Ogden,  a paper  regarded 
by  the  Conference  as  relevant  to  the  last  quoted  suggestion  of  the 
Superintendent.  This  paper  was  entitled  “The  Topography  of  the 
Coast  and  Geodetic  Survey,  with  relation  to  its  Birth,  Development, 
and  further  possible  Differentiation,  with  a Contribution  thereto  of  a 
Description  of  a Practicable  Method  of  Balloon  Surveying.”  This 
paper  is  given  in  full  as  Supplement  B. 

We  may  now,  to  advantage,  proceed  to  the  consideration,  in  regular 
order,  of  the  subjects  contained  in  the  preceding  list  of  committees; 
for  although  the  order  of  reports  and  discharges  of  committees  does 
not  necessarily  conform  to  that  order,  the  fact  is  of  no  moment  to  the 
clear  presentation  and  comprehension  of  the  various  questions  involved. 
Similarly,  the  interpolation  by  the  Superintendent  of  other  matter  for 
consideration,  during  the  course  of  the  work  of  the  previously  men- 
tioned committees,  does  not  interfere  with  nor  obscure  the  statement  of 
their  results. 

ABSTRACTS  OF  THE  REPORTS  OF  THE  COMMITTEES. 

Committee  No.  1. — Classification  of  topography  of  the  United  States. — 
Messrs.  Ogden,  Bache,  and  Donn. 

Resolution  presented  by  Mr.  Ogden,  under  which  the  committee 
acted : 

That  tlie  Chairman  appoint  a committee  of  three  to  report  to  the  Conference  a 
classification  of  the  United  States,  to  be  used  as  units  in  describing  topographical 
work. 
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Abstracts  of  the  reports  of  the  committees. 

The  committee- having,  first  of  all,  divided  the  whole  area  of  the 
United  States  into  two  sections — the  coast  and  the  interior — then 
selected  in  each  of  these,  eight  typical  sections  susceptible,  in  a general 
way,  of  independent  topographical  treatment,  considering  the  respec- 
tive types  and  the  character  and  amount  of  cultural  detail ; these  two 
elements  together  properly  indicating  approximate  scale  for  surveys 
and  their  approximate  cost  per  square  mile  for  particular  regions,  and 
reported  the  following  classification : 

Coast. — St.  Croix  River  to  Delaware  Bay  (New  England  System);  Delaware  Bay 
to  Winyah  Bay  (Bay  System);  Winyah  Bay  to  St.  Johns  River  (Bay  System);  Mis- 
sissippi Delta  (Delta  System);  Texas  (Texas  System);  Southern  California  (Pacific 
Coast  System) ; Northern  California  (Pacific  Coast  System);  Oregon  and  Washing- 
ton (Pacific  Coast  System). 

Interior. — Rolling  lands,  like  New  England,  etc.  (Primary  System);  Flat  lands, 
like  Southern  New  Jersey,  Delaware,  etc.  (Coastal  Plain  System) ; Prairie  lands,  like 
Ohio,  Indiana,  and  Illinois  (Prairie  System);  Great  Plains  of  the  West  (Great  Plain 
System) ; Plateau  Regions  of  Kentucky  and  Tennessee  (Plateau  System) ; Appala- 
chian Mountains  (Appalachian  System) ; Rocky  Mountains  (Rocky  Mountain  System) ; 
Sierra  Nevada  Mountains  (Southern  half,  Rocky  Mountain  System;  northern  half, 
including  the  Cascade  Range,  Apalachian  System). 

The  report  from  which  the  above  is  taken  will  be  found  in  Supple- 
ment 0. 

Upon  this  Committee,  No.  1,  was  also  imposed  the  duty  of  reporting 
upon  instrumental  methods  and  cost  of  surveys  per  square  mile  re- 
ferred to  hereinafter  under  Committee  No.  3. 

Committee  No.  2—  Merits  and  defects  of  topographical  instruments — 
Messrs.  Eodgers,  Donn,  and  Ogden. 

Eesolution  presented  by  Mr.  Eodgers,  under  which  the  Committee 
acted : 

That  the  chairman  appoint  a committee  to  examine  and  report  upon  merits 
and  defects  of  instruments  in  use,  and  to  suggest  improvements,  if  any  are  deemed 
necessary,  to  make  topographical  instruments  more  portable  and  effective. 

The  appointment  of  this  committee  led  at  once  to  a thorough  exami- 
nation of  the  topographical  instruments  of  the  Coast  and  Geodetic 
Survey  by  the  members  of  the  committee,  and  to  an  informal  visit  by 
them,  for  the  purpose  of  examining  such  instruments,  to  the  Office  of 
the  Geological  Survey. 

The  report  of  the  committee  indicated  the  advisability  of  essaying, 
in  the  interests  of  portability,  the  introduction  of  the  so-called  aluminum 
bronze  in  the  manufacture  of  topographical  instruments. 

Various  possible  improvements  were  suggested  by  the  committee 
with  reference  to  the  movement  of  the  plane  table  and  to  the  alidade. 
It  expressed  the  desirability  of  placing  the  vertical  arc  of  the  alidade 
in  a different  quadrant  of  the  circle  from  that  which  it  occupies  at 
present,  with  the  graduation  on  the  edge  of  the  arc,  so  that  in  the  ordi- 
nary position  of  the  observer,  aligned  with  the  telescope  tube,  at  its 
eyepiece,  he  can,  without  moving,  read  the  graduation  on  the  are. 
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The  committee  also  recommended  that,  in  addition  to  the  usual  hori- 
zontal lines  in  the  alidade  telescope  for  telemeter  measurements,  two 
intermediate  half  lines  be  introduced  on  each  side  of  the  middle  line 
for  the  purpose  of  enabling  the  observer  to  double  the  distance  of  de- 
termination. It  makes  mention  of  the  boat  telemeter,  of  Mr.  B ache’s 
invention,  used  for  submerged  shores  of  sedge  grass,  etc. ; also  of  the 
aneroid  barometer,  of  latest  construction,  for  mountain  work;  of  the 
distance  measure  of  Oertel  & Son;  of  the  odometer,  for  small  scale 
work,  if  a reliable  form  can  be  found;  of  the  tachygraphometer,  if 
found  available  upon  careful  experiment;  of  the  Meissuer  level,  and  of 
an  automatic  gravity  level,  if  a satisfactory  form  can  be  devised. 

The  committee  recommended  that  the  Superintendent  be  requested 
to  appoint  a committee  of  officers  of  field  experience  to  determine  upon 
the  best  kind  of  paper  for  field  work,  and  the  best  adhesive  substance, 
woven  fabric,  and  methods  in  connection  with  backing  plaile-table 
sheets. 

The  investigations  of  the  committee  were  directed  to  the  'employ- 
ment of  an  alloy  of  aluminum  solely  with  the  view  of  securing  light 
ness  and  portability. 

A supplemental  report  of  the  committee,  however,  states  that 
aluminum  would  not  be  suitable  for  the  rules  of  alidades.  The  full 
report  of  the  committee  is  given  in  Supplement  D. 

Committee  No.  3. — Classification  of  topographical  field  work — com- 
mittee of  the  whole. 

Resolution,  presented  by  Mr.  Ogden,  under  which  the  committee 
acted : 

That  a report  to  the  Conference  upon  a detailed  classification  of  topographical 
field  work,  to  he  based  upon  the  previously  ascertained  relations  (by  the  commit- 
tee appointed  for  the  purpose)  of  the  relative  difficulties  of  different  regions  of  the 
United  States,  he  prepared  by  the  committee  of  the  whole. 

This  question  was  afterwards  considered  by  two  committees,  Messrs. 
Rockwell,  Wainwright,  and  Hodgkins  forming  one,  and  Messrs.  Ogden 
Bache,  and  Donn  the  other. 

The  first  of  these  committees  is  known  as  that  “on  rules  to  govern 
topographical  surveys  in  the  different  typical  sections  considered.” 

The  second  was  Committee  (as  per  preceding  list)  No.  1,  which  con- 
sidered the  subject  of  “Instrumental  Methods  and  relative  Cost  of 
surveys  per  square  mile,”  under  the  resolution  of  Mr.  Bache,  as  follows: 

That  a committee  be  appointed  to  report  on  instrumental  methods  by  means  of 
which  can  be  produced,  with  the  necessary  trigonometrical  basis,  topography  of 
the  greatest  accuracy  compatible  with  a very  limited  expense  of  time  and  money, 
and  to  estimate,  with  reference  to  different  types  of  country,  assuming  a scale  for 
each  of  these  types,  the  relative  cost  per  square  mile  (of  specific  type  and  scale)  of 
the  aforesaid  triangulation  and  topography. 

Under  the  auspices  of  the  committee  of  the  whole,  sitting  on  the 
question  of  classification  of  topographical  field  work,  also  appears  a 
statement  of  “ Scales  of  Topographical  Surveys  of  Europe  and 
America.” 
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Abstracts  of  the  reports  of  the  committees. 

A paper  presented  by  Mr.  Rodgers  was  entitled  “Facts  and  Possi- 
bilities in  Topographical  Work.” 

(For  Mr.  Rockwell’s  report  from  the  first  committee,  as  finally 
adopted  by  the  Conference,  see  Supplement  E.) 

(For  Mr.  Donn’s  report,  acting  as  secretary  for  the  second  commit- 
tee, see  Supplement  F.) 

(For  the  paper  by  Mr.  Rodgers  see  Supplement  G.) 

(For  the  statement  on  “ Scales  of  Surveys”  see  Supplement  H.) 

Committee  JSfo.  4. — Methods  of  United  States  and  Foreign  Government 
Surveys — Messrs.  Dennis,  Donn,  Wainwright,  Hodgkins,  and  Flemer. 

Resolution,  presented  by  Mr.  Dennis,  under  which  the  committee 
acted : 

That  a committee  of  live  (5)  he  appointed,  by  the  chairman  to  report  on  the  methods 
of  making  topographical  surveys  by  the  several  departments  of  the  United  States 
and  Foreign  Governments,  and  to  recommend  such  changes  or  improved  methods,  if 
any,  as  they  may  deem  of  advantage  to  the  work,  as  now  executed  by  the  U.  S. 
Coast  and  Geodetic  Survey. 

The  report  of  the  committee  under  the  above  resolution  is  necessarily 
quite  voluminous.  It  consists,  first  of  all,  of  a paper  in  the  nature  of  a 
preamble,  by  the  chairman,  Mr.  Dennis.  In  this  he  concludes  by 
quoting  an  interesting  passage  from  a contribution  on  cartography 
sent  to  the  board  by  Mr.  A.  Lindenkohl,  on  the  subject  of  using  the 
same  unit  of  measure  for  heights  and  distances  ; secondly,  of  a paper 
by  Mr.  Donn,  “On  critical  surveys  for  special  purposes  in  the  United 
States,*”  thirdly,  of  three  papers  by  Mr.  Wainwright,  “On  topo- 
graphical surveys  in  the  United  States,”  “On  the  methods  of  the 
Coast  and  Geodetic  Survey,”  and  “On  topographical  surveys  in  Italy;” 
fourthly,  of  two  papers  by  Mr.  Hodgkins,  “ On  surveys  in  England  and 
France,”  and  “ Extracts  from  the  report  on  European  topographical 
maps,  by  General  Derrecagaix,  1889,  on  Belgium,  Denmark,  Holland, 
Portugal,  Roumania,  Russia,  Spain,  Sweden,  and  Norway;”  fifthly,  of 
a paper  by  Mr.  Flemer,  “ On  surveys  in  Germany,  Austria,  and 
Switzerland.”  The  investigations  by  this  committee  do  not  develop 
any  methods  of  work  that  could  be  advantageously  substituted  for 
those  now  used  in  the  operations  of  the  Survey. 

Two  subjects,  not  having  any  direct  connection  with  the  labors  of 
this  committee,  arising  from  the  resolution  under  which  it  was  formed, 
were  placed  in  the  hands  of  the  committee  by  the  Conference — photo.- 
grammetry  and  the  method  of  balloon  surveying,  suggested  by  Mr. 
Bache. 

The  first  of  these  subjects  is  presented  in  an  appended  paper  by  Mr. 
Flemer,  entitled  “ A short  historical  review  of  the  art  of  photogram- 
metry.” 

A subcommittee  of  this  committee  No.  4,  consisting  of  Messrs.  Donn, 
Wainwright,  and  Hodgkins,  was  appointed  by  the  chairman  to  test 
the  value  of  this  method  by  experiments  in  the  field.  It  having  proved 
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impracticable  to  complete  these  experiments  during  the  session  of  the 
Conference,  a resolution  was  passed  requesting  the  Superintendent  to 
authorize  their  completion  after* its  close. 

The  second  subject  is  considered  in  a special  report  on  Mr.  Bache’s 
plan  for  balloon  surveying. 

(For  all  these  reports,  see  Supplement  I.) 

Committee  No.  5. — Uniformity  in  conventional  signs — Messrs.  Dennis, 
Bache,  Bock  well,  Donn,  and  Flemer. 

Resolution,  presented  by  Mr.  Rodgers,  under  which  the  committee 
acted. 

That  section  3 of  the  Superintendent’s  suggestions,  viz : u Establishment  of  uni- 
formity in  the  use  of  conventional  signs/’  be  referred  to  a committee  of  five  (5) 
members,  to  he  appointed  by  the  chairman. 

The  conventional  signs  referred  to  relate  more  particularly  to  the 
original  than  to  the  published  charts  of  the  Survey.  As  indicated 
above,  by  the  suggestions  of  the  Superintendent  and  by  the  terms  of 
this  resolution,  the  intention  was  to  secure  uniformity  in  the  practice 
of  the  Survey.  But  it  must  not  be  inferred  from  this  circumstance 
that  the  graphical  methods  of  the  Survey  have  ever  been  lax.  The 
contrary  is  the  fact,  both  as  to  the  office  and  the  field.  ‘But  whereas 
it  is  easy  to  secure  for  the  office,  where  persons  are  working  in  close 
quarters,  perfect  uniformity  in  this  matter,  the  case  becomes  very 
different  where  persons  are  scattered  over  so  vast  an  area  as  that  of 
the  United  States.  So,  while  great  uniformity  has  always  obtained, 
even  in  the  latter  case  on  the  Survey,  the  present  endeavor  is  to  be 
more  accurately  stated  as  in  the  interest  of  securing  for  the  field  still 
greater  uniformity  than  heretofore  in  the  use  of  conventional  signs  on 
original  charts. 

From  the  nature  of  the  subject  placed  before  this  committee  no 
formal  report  in  writing  was  necessary. 

The  procedure  adopted  by  the  committee  was  to  take  as  a basis  the 
whole  range  of  conventional  signs  heretofore. used  on  the  Survey, 
cancelling  some  of  them,  adding  some,  and  modifying  others.  The 
list,  as  modified  in  committee,  and  then  finally  perfected  by  the  action 
of  the  Conference,  became  the  new  one,  exhibited  in  Supplement  J. 
(Illustrations  27,  28,  29,  and  30.) 

Committee  No.  6. — Section  4,  Superintendent’s  suggestions — commit- 
tee of  the  whole. 

Resolution,  presented  by  Mr.  Donn,  under  which  the  committee  of 
the  whole  acted : 

That  the  consideration  of  section  4,  viz : u Methods  by  which  work  may  he  ren- 
dered more  rapid  and  less  expensive/’  be  referred  to  the  committee  of  the  whole. 

The  conclusions  on  this  subject,  first  of  all  discussed  in  a general 
way  by  the  Conference,  are  embodied  in  the  reports  of  the  committee 
on  the  “ Classification  of  the  Topography  of  the  United  States,”  of 
which  Mr.  Ogden  was  chairman;  on  the  committee  on  u Rules  to  gov- 
ern Topographical  Surveys  in  the  different  typical  sections  consid- 
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ered,”  of  which  Mr.  Rockwell  was  chairman  5 of  the  committee  on  61  In- 
strumental methods  and  relative  cost  of  surveys  per  square  mile,”  of 
which  Mr.  Ogden  was  chairman  5 and  of  the  committee  which  furnished 
a table  of  the  estimated  relative  cost  of  surveys  per  square  mile  in 
typical  sections  on  specified  scales,  of  which  Mr.  Rodgers  was  chairman. 

The  work  of  the  first  three  of  these  committees,  already  mentioned 
in  connection  with  them,  and  the  work  of  the  last  one,  whose  report 
will  be  found  in  Supplement  0,  cover  the  general  scope  of  the  matter 
submitted  to  the  Conference  under  section  4 of  the  u Suggestions  of  the 
Superintendent.” 

In  other  words,  these  four  reports  mentioned  cover  in  a general 
way  the  requirements  submitted  by  the  Superintendent  as  to  u Devis- 
ing methods  by  which  work  may  be  rendered  more  rapid  and  less  ex 
pensive  without  material  loss  of  accuracy,  and  methods  for  cheap  to- 
pography, securing  the  highest  accuracy  attainable  with  the  least 
expenditure  of  time  and  a given  sum  of  money.” 

Committee  No.  7. — On  rules  to  govern  topographical  surveys  in  the 
different  typical  sections  considered — Messrs.  Rockwell,  Wainw  right, 
and  Hodgkins. 

This  is  the  committee  mentioned  in  the  second  paragraph  of  this  re- 
port relating  to  committee  3 of  the  list,  where  its  work  was  spoken  of 
in  connection  with  that  of  another  committee,  because  the  work  of  the 
two  together  covered  the  resolution  requiring  u Classification  of  topo- 
graphical field  work,  to  be  based  upon  previously  ascertained  relations 
of  the  difficulties  of  different  regions  of  the  United  States.”  (See,  as 
before,  Supplement  E.) 

Committee  No.  8.— Definition  of  topographical  reconnaissance — 
Messrs.  Ogden,  Bache,  and  Donn. 

This  committee,  having  considered  the  question  above  indicated, 
finally  presented  the  following  definition,  which  proved  acceptable  to 
the  board  : 

Topographical  reconnaissance  is  a determination  of  the  topographical  features  of 
a region  or  locality  that,  if  plotted,  would  represent  on  a map  only  a partial  devel- 
opment of  the  salient  features  of  the  region . 

Upoii  the  appointment  of  the  committee  on  instruments,  Messrs. 
Rodgers,  Donn,  and  Ogden,  these  gentlemen,  with  other  members  of 
the  board,  under  a previous  informal  invitation  to  that  effect,  visited 
the  Office  of  the  Geological  Survey,  with  the  object  of  examining  any 
instruments  that  might  prove  novel  and  of  utility  in  any  work  of  the 
Coast  and  Geodetic  Survey.  This  visit,  according  to  the  report  of  the 
members  of  the  committee  on  instruments,  proved  so  interesting  that 
another  group  of  members  of  the  Topographical  Conference  took 
advantage  of  a general  informal  understanding  to  the  effect  that  the 
officers  of  the  Geological  Survey  would  be  pleased  at  any  time  to  have 
members  of  the  Conference  pay  them  a visit  amt  examine  into  such 
H.  Ex.  43,  pt.  2—37 
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details  as  might  interest  them  at  the  Office  of  the  Geological  Survey, 
and,  under  the  guidance  of  Messrs.  Gannett  and  Wilson  of  that  Survey, 
obtained  valuable  insight  into  its  topographical  methods  and  in- 
struments. 

At  that  time  the  members  of  the  Topographical  Conference  had  re- 
ciprocated the  courtesy  shown  them  by  the  officers  of  the  Geological 
Survey,  and  had  extended  to  them,  in  turn,  an  informal  invitation  to 
visit  the  Office  of  the  Coast  and  Geodetic  Survey,  and  it  was  decided 
to  anticipate  the  informal  return  of  the  visit  of  the  members  of  the. 
Conference  by  a formal  invitation  to  their  previous  entertainers  to  visit 
the  Conference  in  session  at  the  Office  of  the  Coast  and  Geodetic 
Survey. 

To  that  effect  the  following  resolution,  drawn  up  by  Mr.  Bache,  was 
passed  by  the  Conference : 

Resolved,  That  the  Topographical  Conference,  convened  at  the  Office  of  the  Coast 
and  Geodetic  Survey,  by  direction  of  the  Superintendent,  and  having  under  consid- 
eration the  general  subject  of  Topography  in  the  United  States  and  foreign  coun- 
tries with  reference  to  methods  employed  in  the  execution  of  that  branch  of 
surveying,  their  merits  and  their  expense,  would  be  pleased  to  invite  the  Director 
of  the  Geological  Survey  to  delegate  such  members  of  his  corps  as  he  may  wish  to 
select  to  meet  the  said  Conference  at  the  Office  of  the  Coast  and  Geodetic  Survey, 
for  the  purpose  of  bringing  about  a useful  interchange  of  experience  and  views  on 
this  subject  of  interest  common  to  both  Surveys. 

This  resolution,  passed  February  11,  was  sent  by  the  chairman  of 
the  Conference,  with  a transmitting  letter,  to  the  Superintendent  of  the 
Coast  and  Geodetic  Survey,  requesting  him  to  forward  it  to  the  Director 
of  the  Geological  Survey. 

Oh  February  13  the  Superintendent  addressed  the  Conference,  ex- 
pressing his  gratification  at  the  action  involved  in  the  passage  of  the 
resolution  above  quoted,  and  his  belief  that  the  interchange  of  views 
there  alluded  to  would  be  beneficial  for  the  co-ordinate  surveying 
branches  of  the  Government  service. 

On  February  16,  the  Conference  having  been  notified  that,  in 
response  to  the  invitation  conveyed  in  the  resolution,  officers  of  the 
Geological  Survey  would  present  themselves  at  2 p.  m.  of  that  day, 
prepared  to  receive  them. 

The  gentlemen  delegated  by  the  Director  of  the  Geological  Survey 
to  visit  the  Conference  were  Mr.  Gannett,  Mr.  Wilson,  Mr.  Thompson, 
and  Mr.  Baker. 

The  members  of  the  Conference,  after  receiving  them,  and  after 
opening  remarks  by  the  chairman,  listened  to  statements  made  iu  suc- 
cession by  their  guests.  After  these  statements  on  various  points  of 
professional  interest  had  been  made,  conversation  became  general 
throughout  the  room  regarding  details  suggested  by  the  preceding  j 
statements.  The  meeting  came  pleasantly  to  an  end  with  an  expres- 
sion of  great  mutual  gratification. 

Immediately  upon  the  withdrawal  of  the  visiting  body  the  Conference  j 
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Conference  ivith  officers  of  the  Geological  Survey. 

came  formally  to  order,  and  Mr.  Kodgers  offered  the  following  motion, 
which  passed : 

That  a resolution  of  thanks  to  the  delegates  of  the  U.  S.  Geological  Survey  be 
passed  by  the  board,  and  that  the  same  be  transmitted  to  them,  through  the  Super- 
intendent, to-morrow. 

Under  this  motion  Mr.  Bache  offered  the  following  resolution,  which 
passed : 

Resolved,  That  the  members  of  the  Topographical  Conference  of  the  Coast  and 
Geodetic  Survey,  now  in  session,  express  through  the  Superintendent  of  the  Survey 
to  the  Director  of  the  Geological  Survey,  and  to  the  officers  of  that  Bureau,  delegated 
by  him  to  visit  the  Conference,  their  gratification  at  the  visit  to-day  of  those  gentle- 
men, aud  their  fullest  recognition  of  the  valuable  results  accruing  from  this  meeting 
for  the  purpose  of  an  interchange  of  views  as  communicating  to  mutual  advantage 
some  of  the  fruits  of  experience  of  the  respective  Surveys. 

On  February  19  the  chairman  presented  to  the  Conference  a letter 
received  from  Mr.  Gannett,  setting  forth  the  methods  of  topographical 
surveying  employed  on  the  Geological  Survey  in  the  northeastern 
division  of  the  work.  This  letter  was  a response  to  inquiries  made  at 
the  meeting  above  referred  to,  between  the  officers  of  the  two  Bureaus. 
It  was  read  and  ordered  to  be  copied  in  full  in  the  minutes  of  the 
Conference. 

A paper  was  subsequently  presented  by  Mr.  Ogden,  referring  to  this 
letter,  and  to  the  undesirability  of  applying  the  methods  described  to 
the  seaboard  work  of  the  Coast  and  Geodetic  Survey;  and  the  opinion 
of  the  Conference  on  the  availability  of  these  methods  for  the  coast 
work  was  finally  expressed  in  the  following  resolution : 

Resolved , That  in  the  opinion  of  the  Topographical  Conference  the  methods  of 
Topographical  Surveying  described  by  Mr.  Henry  Gannett,  chief  topographer  of 
the  U.  S.  Geological  Survey,  in  his  letter  of  February  19  to  the  chairman  of  this 
Conference,  would  not  prove  satisfactory  and  economical  in  surveying  the  narrow 
belt  of  topography  along  the  coast,  to  which  the  work  of  the  Coast  and  Geodetic 
Survey  has  been  confined. 

Mr.  Gannett’s  letter  and  Mr.  Ogden’s  comment  will  be  found  in  Sup- 
plement K. 

The  minutes  of  the  proceedings  of  the  Topographical  Conference 
evidenced,  as  to  its  work,  that  many  resolutions  were  passed  looking 
to  improvements  of  various  kinds.  Mention  of  all  of  them  would 
obviously  be  out  of  place  in  a general  report  but  will  be  found  in  the 
supplements. 

PRINCIPAL  CONCLUSIONS  FORMULATED  BY  THE  CONFERENCE. 

The  following  paragraphs  state,  in  succinct  form,  the  principal  con- 
clusions reached  by  the  Conference : 

(1)  That  balloon  photography  is  not  applicable  for  the  purposes  of 
a rapid  and  economical  topographical  survey. 

(2)  That  the  present  standard  for  topographical  work  along  our 
coasts  should  be  maintained* 
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(3)  Formulates  rules  for  governing  topographic  work  on  specified 
scales  for  various  typical  regions,  which  would  produce  maps  contain- 
ing the  greatest  amount  of  information  for  the  least  expenditure  of 
time  and  money.  Also  estimates  the  approximate  cost  per  square  mile 
for  such  surveys. 

(4)  That  over  a sparsely  inhabited  region  a less  elaborate  survey, 
costing  much  less  per  square  mile,  could  be  made,  which,  though 
lacking  in  much  desirable  information,  would  prove  useful  in  the  de- 
velopment of  that  region. 

(5)  That  the  plane-table  is  unequaled  in  its  usefulness  in  every 
order  of  work,  and  names  certain  other  instruments  which  would  be 
valuable  as  auxiliaries. 

(6)  Recommends  certain  improvements  to  the  plane-table,  and 
advises  the  appointment  of  a committee  to  superintend  the  same. 

(7)  That  the  mean  sea  level  is  the  most  desirable  datum  plane  for 
elevations  in  topographical  surveys. 

(8)  Can  not  recommend  any  method  of  making  topographical  surveys 
of  the  coasts  that  would  be  an  improvement  on  that  now  in  use  in  our 
own  service. 

(9)  That  photography  may  be  found  at  times  a useful  auxiliary,  but 
under  ordinary  circumstances  can  not  compete  with  the  plane-table  in 
rapidity,  economy,  or  accuracy. 

(10)  That  the  material  of  our  plane-table  sheets  is  susceptible  of 
much  improvement,  and  that  the  appointment  of  a committee  to  experi- 
ment in  this  direction  is  recommended. 

(11)  Presents  a revised  list  of  conventional  signs  for  field  use. 

(12)  Defines  a topographical  reconnaissance  as  u a determination  of 
the  topographic  features  of  a region  or  locality  that,  if  plotted,  would 
represent  on  a map  only  a partial  development  of  the  salient  features 
of  the  region.” 

(13)  Recommends  the  adoption  of  the  metre  as  the  unit  for  vertical 
as  well  as  horizontal  measures. 

(14)  That  the  methods  of  the  Geological  Survey,  as  described  by 
( )hief  Topographer  Gannett,  would  not  prove  satisfactory  or  economical 
for  our  coast  work. 

(15)  Recommends  that  a manual  be  prepared  of  all  instruments  in 
use  by  the  Coast  and  Geodetic  Survey. 

(16)  Recommends  the  preparation  of  a new  table  for  heights,  using 
the  metre  instead  of  the  foot,  as  the  unit  for  elevations.  Also  a new 
empirical  formula  to  be  devised  for  computing  elevations. 

(17)  Recommends  the  continuance  of  the  committee  on  photographic 
surveying,  that  it  may  conclude  its  investigations. 

(18)  That  in  the  opinion  of  the  Conference,  topographical  surveys,  to 
subserve  the  greatest  number  of  useful  purposes,  should  not  be  made 
on  a scale  smaller  than  1-40000, 
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REsloLtiTlONfci  OF  IMPORTANCE  PASSED  EY  THE  CONFERENCE 
TOWARD  THE  CHOSE  OF  ITS  SESSIONS. 

Three  resolutions,  passed  during  the  last  part  of  the  sitting  of  the 
Conference,  relate  to  matters  of  sufficient  general  interest  to  warrant 
mention  of  them.  One  of  these  was  a recommendation  to  the  Super 
intendent  to  appoint  a permanent  committee  of  three  topographers,  two 
of  whom  should  be  members  of  this  Conference  and  one  a member  of  the 
Instrument  Board  of  the  Office,  looking  to  improvements  in  topograph- 
ical instruments,  and  especially  to  perfecting  the  plane-table  and  held 
sheets.  It  was  also  recommended,  through  a second  resolution,  that, 
for  the  future,  mean  sea-level  should  be  taken  as  the  datum  plane  for 
elevations  in  the  work  of  the  Coast  and  Geodetic  Survey.  The  third 
of  these  resolutions  recommends  that,  for  the  future  work  of  the  survey, 
the  metre  be  taken  as  a unit  for  heights  as  well  as  for  linear  measure- 
ments. Following  out  this  last  action,  the  Conference  adopted  a reso- 
lution offered  by  Mr.  Hodgkins,  asking  for  the  preparation  of  a new 
table  of  heights  on  the  metric  system,  and  a resolution  offered  by  Mr. 
Rodgers,  suggesting  the  desirability  of  a new  formula  for  the  ready 
computation  of  heights  without  the  use  of  tables.  On  the  last  day  of 
the  Conference  Mr.  Hodgkins  submitted  a brief  and  convenient  formula 
for  such  purposes.  (See  Supplement  L.) 

Another  important  matter  was  contained  in  a resolution  proposed 
by  Mr.  Hodgkins,  at  the  suggestion  of  Mr.  Donn,  and  adopted  by  the 
Conference,  requesting  the  Superintendent  to  have  prepared  a handbook 
of  all  instruments  used  in  the  Survey,  with  plates  and  full  descriptions 
of  adjustments  and  methods  of  use. 

A description  of  the  t achy  meter  and  tachygraphometer,  translated 
by  Mr.  Hodgkins,  and  a plate  illustrating  the  power  of  different  scales 
lor  the  delineation  of  topographical  features,  prepared  by  Mr.  Bonn, 
matters  of  interest  in  connection  with  the  subjects  discussed  by  the 
Conference,  will  be  found  in  Supplements  M and  N. 

With  these  last  memoranda  of  important  points,  of  which  the  Topo 
graphical  Conference  has  taken  cognizance,  it  closes  its  report  in  the 
belief  that  it  has  left  little  untouched  in  its  discussions  that  is  of  much 
moment,  and  in  the  hope  that  its  labors  in  its  field  of  duty  will  not  be 
unfavorably  regarded  by  those  who  are  by  training  best  fitted  to  be 
judges  of  its  work. 

Respectfully  submitted. 

Henry  L.  Whiting, 

Chairman. 

J.  A.  Flemer, 

Secretary. 


Washington,  March  8)  1802 . 
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LETTERS  FROM  ASSISTANTS  AND  OTHERS,  ADDRESSED  TO  THE 
CHAIRMAN  OF  THE  CONFERENCE. 


LETTER  FROM  ASSISTANT  GEORGE  DAYIDSOX. 

In  response  to  your  letter  of  January  25  I have  drawn  up  tlie  follow- 
lowing  memoranda  in  answer  to  your  suggestions : 

CLASSIFICATION  OF  TOPOGRAPHICAL  SURVEYS. 

The  necessity  for  this  was  quickly  appreciated  on  the  Pacific  coast, 
where  the  necessity  for  promptly  presenting  results  upon  an  unknown 
coast  of  great  extent  was  urgent,  and  where  the  character  of  the  orog- 
raphy was  altogether  different  from  that  of  the  Atlantic  or  Gulf  of 
Mexico.  In  fact,  I have  visited  the  coast  of  no  country  where  the 
physical  difficulties  to  be  overcome  are  so  great  as  along  this  seaboard. 
My  first  serious  experience  in  this  matter  was  at  Cape  Flattery  in  1852, 
where  Mr.  Lawson  executed  the  topography  under  my  direction.  All 
the  conditions  were  novel.  A wild,  rugged,  high,  rocky  coast  exposed 
to  the  great  and  ceaseless  swell  of  the  North  Pacific,  timbered  from 
the  edge  of  the  cliffs  to  the  crest  line  of  the  hills,  impenetrable  on  ac- 
count of  the  dense  undergrowth,  cut  up  by  deep  and  irregular  gulches, 
destitute  of  even  Indian  trails  over  any  part,  and  impracticable  for  the 
development  of  a tertiary  triangulation  with  the  means  at  my  command. 
The  means  of  transportation,  two  canoes.  Grit,  endurance,  and  ability 
in  the  topographer,  and  good-  support  from  his  men.  We  had  no 
proper  classification  for  the  work,  and  no  sign  to  indicate  its  character. 

1 represented  the  case  to  Superintendent  Bache,  but  he  was  averse 
to  changing  the  methods  of  execution  or  of  exhibiting  topographical 
details.  In  1868  Superintendent  Peirce  acceded  to  my  proposition  to 
execute  certain  parts  of  the  mountain  topography  in  less  detail  than 
usual,  and  such  work  was  done  by  contouring  in  40  and  100  foot  curves 
of  broader  generalization,  and  exhibited  on  the  original  sheets  in 
broken  lines  or  in  a different  colored  ink.  In  the  wild  gulches  and 
rugged  heads  in  the  seaboard  only  generalizations  are  necessary,  and 
.on  the  crest  line  of  the  coast  mountains,  which  gives  the  navigator  his 
landfall,  only  sufficient  accuracy  is  demanded  to  give  decided  expres- 
sion to  the  features.  The  same  sheet  should,  however,  exhibit  with 
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minute  accuracy  all  the  details  of  the  shore  for  a certain  distance 
inland,  and  the  outlying  rocks. 

Examples  of  this  are  given  in  the  topography  from  Mendocino  south- 
ward, and  of  the  Santa  Lucia  Range  south  of  Monterey. 

In  all  this  work  I believe  in  general  expression  being  given  by  con- 
tours, and  that  characteristic  features  be  represented  by  suggestive 
conventional  signs. 

In  the  topography  of  the  immediate  coast  line  on  the  Pacific  coast, 
accuracy  has  been  the  governing  spirit  of  the  work,  and  as  the  needs 
of  navigation  and  of  coast  commerce  have  increased,  more  detailed 
accuracy  has  been  demanded.  Minute  accuracy  of  the  position  and 
peculiarities  of  outlying  rocks  is  essential  to  secure  safer  navigation  on 
this  seaboard,  where  dense  and  long-continuing  fogs  prevail,  and  where 
the  coast  line  may  not  be  seen  from  less  than  a mile  distant  for  con- 
secutive weeks.  The  navigator  in  command  of  a coast  steamer  runs 
by  time  and  courses — time  to  minutes  and  courses  to  degrees.  When 
his  time  is  up  and  he  has  not  made  his  landmark,  he  heads  directly 
through  the  fogs  toward  the  shore  and  picks  it  up  by  the  rocks,  and 
then  continues  along  the  shore  carefully  until  lie  reaches  a rock  whose 
features  he  knows  and  whose  accuracy  of  position  he  has  practically 
verified.  I have  witnessed  this  method  of  navigation  frequently. 

In  the  earlier  days  the  heights  and  forms  of  the  rocks  were  not  noted 
and  many  of  the  smaller  rocks  were  omitted,  but  the  experience  from 
Point  Reyes  to  Punta  Arena,  where  large  numbers  of  chutes,  outreach- 
ing  high  wharves,  flying  trapezes,  etc.,  have  been  constructed  outside 
the  cliffs  and  rocky  islets,  demonstrates  the  value  of  the  minute  survey. 
All  these  small  and  dangerous  anchorages  are  approached  writh  some 
confidence  even  in  foggy  weather  when  the  Coast  Survey  chart  locates 
all  the  notable  visible  as  well  as  sunken  rocks. 

Improvements  involving  from  $10,000  to  $50,000  at  a single  one  ot 
these  landing  places  are  made  upon  the  basis  of  the  Coast  Survey 
measures. 

TOPOGRAPHICAL  RECONNAISSANCE  OF  THE  COAST  LINE. 

In  1868  I proposed  to  carry  a topographical  reconnaissance  from 
Cape  Flattery  southward  for  the  purposes  of  the  coast  pilot.  The 
necessity  for  this  survey  increased  yearly,  not  only  for  coast-pilot  use, 
but  to  locate  and  connect  the  mouths  of  rivers  and  bays  and  give  a fair 
outline  of  the  immediate  shore  line.  For  a time,  coast  commerce  got 
ahead  of  the  regular  work. 

The  results  obtained  by  the  topographical  reconnaissance  of  1887 
and  1888  were  extremely  satisfactory  in  their  results  and  in  the  small- 
ness of  cost.  But  in  each  case  they  were  pushed  with  such  personal 
vigor  and  ability,  such  tenacity  of  purpose  and  endurance  of  privation, 
that  they  are  exhibits  of  what  can  be  done  in  an  emergency  rather 
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I ban  what  is  to  be  done  as  a regular  business.  Each  party  was  pretty 
well  “used  up”  after  the  performance  of  1887. 

I affirm  with  great  earnestness  and  sincere  pleasure  that  no  other 
organized  body  in  the  service  of  the  Government  or  any  corporation 
could  have  produced  the  topographers  that  could  have  executed  the 
topographical  reconnaissance  of  this  coast  in  1887  and  1888  in  the  same 
time,  with  the  same  means,  at  the  same  cost,  and  with  as  great  accuracy 
as  the  Coast  Survey  assistants  did. 

A similar  topographical  reconnaissance  of  the  coast  line  is  what  will 
suffice  in  Alaska  for  many  years,  except  in  special  localities;  but  it  will 
have  to  be  executed  in  a different  manner  and  with  different  means 
and  at  greater  cost,  for  the  shore  line  is  generally  impassable. 

Charts  published  from  such  surveys  should  have  proper  designation 
of  the  method  employed. 

Surveys  like  those  of  the  Santa  Barbara  Islands  have  no  parallel  on 
the  Atlantic  coast.  The  surveys  of  the  islands  of  Washington  Sound 
have  very  many  difficulties  on  account  of  the  fierce  character  of  the 
currents,  absence  of  trails,  the  foggy  weather,  and  still  greater  hiu 
drance  of  smoky  weather.  , Patience,  ceaseless  watching,  avidity  in 
seizing  every  opening,  and  rapidity  and  accuracy  of  execution  can 
alone  accomplish  results.  Similar  work  under  similar  conditions  can 
not  be  executed  with  less  cost  than  is  done  by  the  conscientious  and 
able  officers  on  that  duty. 

DETAILED  AND  MINUTE  TOPOGRAPHY. 

For  special  locations,  like  San  Diego,  San  Francisco,  Humboldt, 
Yaquina,  the  mouth  of  the  Columbia,  etc.,  the  details  and  accuracy  of 
the  survey  should  be  of  the  most  minute  character,  and  exhaust  the 
skill  of  the  topographer;  and  certain  parts  should  be  resurveyed  to 
exhibit  changes  of  shore  line  effected  by  natural  or  artificial  causes. 

METHODS  FOR  THE  RAPID  EXECUTION  OF  ACCURATE  WORK  AT  A 

MINIMUM  OF  COST. 

I have  already  referred  to  the  rapidity  of  the  topographical  recon- 
naissance of  Washington  and  Oregon  at  a minimum  of  cost  and  a 
maximum  of  exhaustion  of  the  topographers. 

For  the  general  topography  of  the  coast  line  much  is  necessarily  left 
to  the  judgment  of  the  topographer  as  to  details.  To  locate  every  post 
of  a telegraph  line  would  be  a wicked  waste  of  means  aud  time. 

Much  depends  upon  the  facility  for  executing  the  tertiary  triangu- 
lation, the  number  of  triangulation  stations,  and  the  rapidity  and 
accuracy  of  the  computer. 

In  some  cases,  as  in  the  Columbia  Biver  bottom,  a great  deal  depends 
upon  the  state  of  the  river  (there  being  two  freshets  annually),  and  on 
the  state  of  the  low  water  as  to  what  shall  be  taken  as  the  shore  line 
of  an  island  whose  upper  end  is  well  out  of  water  and  the  lower  end 
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below  the  surface,  with  a very  low  grade  of  descent.  Much  depends 
on  the  condition  of  the  atmosphere  on  the  northern  coast  and  in  the 
Puget  Sound  region,  where  great  fires  prevail  in  the  working  season, 
and  where  I have  known  the  shore  line  invisible  for  weeks  at  a ship’s 
length.  All  field  work  must  stop,  and  it  can  not  be  done  in  winter 
because  of  continuous  adverse  weather.  This  last  project  was  tried 
by  Superintendent  Patterson  and  utterly  failed. 

Under  all  the  conditions  that  have  prevailed  on  this  coast,  I have 
known  the  best  men,  consumed  by  anxiety,  make  a weak  show  of 
triangulation  and  topography  for  the  season  on  account  of  smoky 
weather  or  the  prevalence  of  fogs  and  rains,  or  both.  While  at  the 
south  in  the  same  season,  all  the  conditions  of  the  weather  would  be 
favorable. 

When  the  character  of  the  work  in  any  locality  has  been  decided 
upon,  the  execution  must  be  trusted  to  the  business  management,  pro 
fessional  ability,  and  conscientious  execution  of  the  officer  in  charge. 
When  he  knows  how  much  money  is  to  be  allotted  to  him  for  the 
season  he  will  lay  out  his  plans  to  get  the  most  out  of  it.  We  hayenow 
no  one  on  the  coast  who  would  not  strive  to  do  so.  The  spirit  of  honor- 
able rivalry  has  generally  prevailed. 

I have  no  faith  in  topography  that  is  essentially  u cheap.” 

I have  not  a particle  of  faith  in  any  topography  where  it  is  published 
that  one  party  has  executed  3 000  square  miles  in  a month. 

Finally,  I hardly  see  how  the  methods  of  topography  as  carried  out 
on  this  coast  can  be  essentially  modified.  As  the  survey  advances 
into  the  wooded  regions  to  the  north  it.  will  be  impracticable  to  con- 
tinue the  accuracy  attained  in  an  open  country,  and  some  changes  will 
be  necessarily  made  by  each  one;  but  whether  these  modifications  can 
be  formulated  is  a question  that  will  solve  itself.  I have  known  no 
wastefulness  of  means,  and  I know  the  officers  have  a pride  in  the 
character  of  their  work,  and  in  the  amount  which  they  can  present  for 
the  money  allotted  to  them.  It  is  probable  that  the  doubling  of  a 
party  of  tertiary  triangulation  and  topography  will  be  the  first  means 
to  decreasing  the  cost.  This  was  done  by  me  from  1850  onward 
through  the  Puget  Sound  work  to  1857;  and  at  Lola,  Pound  Top, 
Mount  Diablo,  etc.,  where  topographical  sheets  were  made  by  the 
regular  triangulation  party.  It  has  been  done  by  others. 

I am  satisfied  on  one  essential  point,  the  Coast  and  Geodetic  Survey 
cannot  sacrifice  the  minutest  accuracy  in  its  methods  wherever  accuracy 
is  necessary;  yet  in  this  case  it  is  a decided  advantage  in  getting  the 
most  good  work  for  the  least  money  to  “ double”  a party. 


tJ.  ft.  COAST  AND  GEODETIC  SURVEY. 


586 


LETTER  FROM  ASSISTANT  HENRY  L.  HARINDIN. 

In  answer  to  your  circular  letter  of  January  26,  1892,  I beg  leave  to 
submit  the  following : 

What  shall  determine  the  accuracy  and  amount  of  detail  to  be 
shown  on  a topographical  survey  and,  consequently,  the  cost  of  the 
work  ''l 

• It  seems  obvious  that  the  requirements  for  a topographical  survey  of 
New  York  Harbor  should  not  be  the  measure  of  what  is  requisite  for  a 
survey  of  the  Florida  coast  or  that  of  the  Gulf  of  Mexico. 

The  object  to  be  subserved  by  the  Survey,  it  seems  to  me,  should 
determine  the  accuracy  in  details  and  the  cost  of  the  work,  with  the 
scale  to  be  employed. 

Heretofore  in  many  cases  the  practice  has  been  not  to  discriminate 
sufficiently  in  the  scale  to  be  used. 

For  localities  on  the  coast  of  Florida  and  on  the  Gulf  of  Mexico 
scales  of  1-30000  to  1-50000  would  give  ample  room  to  delineate  the 
details  necessary  to  be  shown.  From  this  I would  except  the  main 
harbors  and  river  outlets  where  larger  scales  could  be  used. 

For  surveys  of  important  harbors  like  New  York,  Boston,  Portland, 
etc.,  the  larger  scale  the  better,  and  here  again  one  is  impressed  by  the 
object  for  which  the  survey  is  intended. 

Taking  for  instance  a survey  for  the  location  of  pier  lines,  a smaller 
scale  than  1-1000  should  not  be  entertained;  on  such  a scale  the 
topographer  can  represent  all  the  minute  details  so  valuable  to  the 
engineer,  and  he  can  give  the  actual  measurements  made  with  tape  or 
chain  along  the  continuous  wharf  line  expressed  in  the  figures,  to  be 
inked  in  as  a part  of  the  plane  table  data.  This  requirement  is  urged 
because  of  the  fact  that  a plane  table  survey,  without  actual  measure- 
ments given  in  figures,  and  depending  for  measurements  on  the  accu- 
racy of  a changeable  scale  is  not  received  in  evidence  before  a court  of 
law,  but  if  it  shows  actual  measurements  expressed  in  figures  it  at 
once  takes  its  place  as  a legal  document. 

Another  point  to  which  I beg  leave  to  call  your  attention  is  that  of 
the  plane  of  reference  for  heights  and  the  bench  marks  to  be  estab 
lished  by  the  topographer. 

From  my  experience  in  the  Survey  I am  of  the  opinion  that  the 
plane  of  reference  should  be  approximate  mean  sea  level.  I say  ap- 
proximate because  with  the  means  at  his  command  the  topographer 
could  determine  no  other.  High  water,  or  high  water  mark,  so  called, 
should  be  discarded  as  a plane  of  reference. 

The  high-water  line,  as  generally  defined  by  the  “crest  of  the  beach,” 
is  anything  but  a horizontal  plane;  its  elevation  varies  with  the  locality 
and  depends  on  the  exposure  of  that  part  of  the  shore  to  the  wind  and 
storm  waves,  modified  by  the  existence  or  absence  of  bars  and  shoals 
off  shore. 
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Low* water  plane  for  reference  is  open  to  the  same  objections  as 
“high-water  mark,”  with,  however,  some  extenuating  circumstances  in 
its  favor. 

Mean  sea  level,  it  would  seem,  is  the  least  objectionable  plane  of 
reference.  A very  close  approximation  to  mean  sea  level  can  readily 
be  obtained  by  observing  a single  high  and  low  water  on  a common 
tide  staff,  and  by  referring  the  zero  of  this  staff  to  a bench  (all  of 
which  can  be  done  by  levels  with  the  plane  table  and  alidade  with 
striding  level).  The  plane  of  reference  can  be  preserved  to  be  referred 
at  some  future  time  to  a more  accurate  mean  sea  level  if  the  necessity 
arises. 

By  noting  the  heights  of  this  plane  of  reference  on  the  sheet, 
together  with  a description  of  the  bench  established  by  the  topog- 
rapher, the  value  of  the  survey  will  be  increased. 


LETTER  PROM  ASSISTANT  J.  J.  GILBERT. 

I have  just  received  your  circular  letter,  and  although  my  special 
attention  is  now  tor  the  first  time  directed  to  the  objects  of  discussion 
before  the  Conference;  and  although  I have  been  so  long  entirely 
separated  from  my  associates  in  the  Survey,  association  with  whom 
would,  doubtless,  have  given  force  and  expression  to  opinions  on  these 
subjects  which  may  now  lie  dormant  in  my  mind;  yet,  as  not  wishing 
to  shirk  any  responsibility,  I will  venture  to  make  a very  general 
response  to  your  invitation. 

On  the  first  topic  I have  nothing  to  say;  if  there  has  anywhere  been 
any  advance  in  methods  or  improvement  in  instruments  in  the  last 
twenty  odd  years,  I haye  yet  to  hear  of  them. 

On  the  second  topic  I have  little  to  say;  the  extremes  may  well  be 
designated  as  “survey”  and  “reconnaissance,”  but  there  are  many 
degrees  of  accuracy  between  these  extremes,  owing  mechanically  to 
the  scale,  physically  to  the  character  of  the  country ; or  the  amount  of 
detail  may  depend  upon  the  object  of  the  survey,  or  be  limited  by  the 
expense  of  time  or  money ; these  different  grades  of  work  might  well 
be  designated  so  as  readily  to  distinguish  them ; but  to  express  the 
distinction  by  a single  word  would  seem  difficult  unless  words  were 
coined  for  the  purpose;  the  use  of  compound  words  would  be  simpler, 
and  following  the  method  of  distinguishing  the  triangulation,  primary, 
secondary,  and  tertiary  surveys  might  with  use  come  to  sound  very 
proper. 

Third.  I believe  that  the  conventional  signs  should  be  simple  and 
uniform,  but  not  multiform,  as  few  as  is  possible.  All  cultivated  laud, 
except  perhaps  rice  fields,  may  well  be  represented  as  grass  land;  all 
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coniferous  trees  by  the  same  sign,  one  made  by  three  lines  crossing', 
thus  ■)£,  seems  more  simple,  and  is  easily  formed  ; all  deciduous  trees 
by  a common  sign.  I would  not  attempt  to  designate  sawmills, 
churches,  etc.,  by  any  conventional  sign,  but  would  print  their  names 
on  the  map.  The  contours  as  heretofore  used  in  the  Survey  seem  to 
meet  every  requirement,  and  I can  conceive  of  no  improvement. 

Fourth.  The  value  of  anything  has  a ratio  to  its  cost.  Excellence 
in  any  line  is  not  achieved  by  cheap  methods.  I do  not  believe  in 
extravagance,  but  I do  believe  that  an  attempt  to  do  work  any  cheaper 
than  the  conscientious  assistant  now  does  it  would  be  unfortunate — 
this,  of  course,  as  to  methods ; in  some  of  the  circumstances  of  work 
economy  might  be  practiced,  as  hiring  a horse  and  saddle  instead  of 
team  and  buggy,  when  the  former  would  answer  every  purpose,  but 
this  would  apply  to  other  classes  of  work  as  well  as  topography. 

Now,  for  an  actual  comparison  of  work : Last  season  I made  a survey 
of  the  water  front  of  Whatcom  and  Fairhaven.  About  one-third  of 
the  shore  line  was  very  rocky  and  difficult.  A civil  engineer  made  a 
survey  of  the  water  front  of  Tacoma,  all  very  easy  shore  line ; the 
amount  of  work  done  in  each  place  was  approximately  the  same,  prob- 
ably a mile  or  two  more  of  shore  line  at  Tacoma ; the  Whatcom  work 
was  finished  in  six  weeks,  and,  including  my  own  salary,  cost  about 
$1,000,  somewhat  less;  the  Tacoma  work  took  more  than  three  months 
and  cost  over  $3,000. 

1 believe  it  can  be  readily  demonstrated  that  good  work  can  be  done 
as  readily  and  cheaply  by  the  Coast  Survey  method  as  any  other,  and, 
indeed,  more  rapidly  and  more  economically.  If  this  is  true,  then  the 
remaining  proposition  is,  shall  we  do  cheap  work  for  the  sake  of 
greater  economy  ? I say  most  emphatically,  no.  What  is  worth  doing 
at  all  .is  worth  doing  well.  If  there  is  great  haste  in  obtaining  results 
let  that  work  be  done  quickly,  and  as  a consequence  cheaply,  and  let  it 
be  called,  what  it  in  truth  is,  a reconnaissance,  and  let  the  careful  sur- 
vey follow  in  due  time. 

As  to  securing  the  most  work  and  the  greatest  accuracy  with  the 
least  expenditure  of  time  and  money,  this  I believe  rests  mainly  upon 
the  assistant  in  charge  of  the  work,  and  that  is  what  we  should  all  en 
deavor  to  do — it  is  to  be  sectored  by  good  judgment  and  by  wasting  no 
time. 

Recurring  briefly  to  the  first  topic:  1 have  often  had  trouble  in 
getting  the  rodman  to  hold  his  rod  true,  and  it  has  occurred  to  me  that 
this  difficulty  might  be  remedied  by  a small  sight  tube  screwed  through 
the  rod  about  the  height  of  the  eye,  and  across  the  lower  object  end  of 
the  tube  a small  level,  so  that  the  rodman  could  always  point  the  line 
of  sight  to  the  plane  table,  thus  holding  the  rod  perpendicular  to  the 
line  of  sight,  while  he  could  at  the  same  time  see  the  level  and  keep 
the  rod  from  leaning  to  one  side.  Such  an  appliance  could  be  cheaply 
made  in  the  Office  and  readily  attached  to  any  rod. 
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LETTER  FROM  ASSISTANT  F.  W.  PERKINS. 

I have  your  communication  of  the  25th.  While  I shall  take  much 
interest  in  the  results  of  your  deliberations,  I am  unable  to  contribute 
any  suggestions  for  the  consideration  of  the  Conference. 

I inclose,  however,  two  letters  from  Mr.  J.  C.  Olmsted,  which,  although 
relating  to  the  cost  and  requirements  of  topographical  work,  of  a spe- 
cial class,  may  be  of  interest  to  you.  These  letters  were  written  at  my 
request  some  years  ago  when  engaged  in  collecting  information  as  to 
the  cost  of  different  classes  of  topographical  work,  a subject  which  was 
at  the  time  interesting  my  friends  in  Rhode  Island. 

Brookline,  Mass..  February  23,  1885. 

* * * Prices  of  surveys  (topographical)  made  under  our  direction  have  ranged 

from  $2.50  to  $20  or  more  per  acre. 

A well-educated  surveyor,  handling  the  instrument  himself,  and  plotting  and 
drawing  himself,  with  two  apprentice  or  cheap-waged  assistants,  can  make  a 
map  of  open  or  nearly  open  ground  suffi ciently  accurate  for  preliminary  esti- 
mates of  earthwork  and  general  plans  of  roads,  etc.,  for  an  average  of,  say,  $5.  The 
best  system  is  by  plane-table  sheets  for  topography,  I believe,  but  usually,  if  the 
character  of  the  ground  admits  of  it,  the  whole  area  is  laid  out  in  squares  of  100  feet 
aud  stakes  driven,  to  which  reference  is  made  for  location  of  trees,  fences,  rocks, 
and  buildings,  etc.,  and  which  stand  till  levels  are  taken  at  all  of  them.  Ordinarily 
a good  many  other  levels  are  taken  for  the  better  delineation  of  the  contours — say 
perhaps  twice  as  many.  For  our  purposes  levels  should  always  be  taken  along 
existing  streets,  water  levels,  ground  at  doorsteps,  floor  levels,  etc.  All  trees 
standing  singly  or  in  groups  are  usually  located,  and  a few  of  the  tinest  in  woods, 
such  as  it  would  be  a pity  to  disregard  in  planning,  where  more  important  considera- 
tions did  not  apply. 

Of  course  it  is  very  diflicult  to  specify  with  such  exactness  the  character  of  a 
survey  as  to  admit  of  the  principle  of  giving  the  work  to  the  lowest  bidder:  The 

surveyor  who  lives  near  the  work  can  usually  do  the  work  much  cheaper  than  one 
who  has  to  pay  traveling  expenses,  so  that  if  the  local  surveyor  is  not  wretchedly 
bad  and  the  work  very  large  and  important,  we  usually  recommend  the  employment 
of  the  local  man.  We  have  had  some  very  queer  specimens  of  draughting  and  often 
grossly  inaccurate  data  from  such.  It  is  usually  more  economical  to  fix  upon  a rate 
per  acre  or  a lump  sum  and  leave  it  to  the  surveyor  to  give  as  much  time  to  it  as  he 
can  afford  to.  We  find  that  this  usually  results  in  the  surveyor  saying  that  he 
didn’t  make  anything  and  would  have  to  charge  more  next  time.  On  the  other 
hand,  if  the  surveyor  charges  by  the  day  with  expenses  he  is  well  enough  satisfied, 
but  the  owner  who  pays  for  the  work  is  generally  left  feeling  very  sore — that  is,  it 
is  very  easy  to  make  a survey  cost  a great  deal  more  than  the  average  of  $5  which  I 
have  mentioned.  In  park  work,  where  the  work  is  done  by  hired  men,  the  cost  I 
should  judge  usually  exceeds  $10  per  acre  and  sometimes  $20. 

I send  you  several  lithographic  reductions  of  surveys,  which  have  been  made 
expressly  for  our  purposes.  That  of  u Properties  in  Newport”  cost  $3  per  acre,  and 
was  plotted  at  100  feet  to  an  inch.  Of  course  at  that  price,  with,  such  very  rough 
ground,  the  instrumental  work  had  to  be  diminished  and  the  sketching  on  the 
ground  of  contours  and  rocks  increased.  It  has  proved  entirely  satisfactory  for  its 
purpose  of  running;  streets  through  and  selecting  house  sites,  but  in  some  cases  the 
design  has  been  or  will  have  to  be  intelligently  modified  to  avoid  bad  rock  cutting 
and  so  on.  Still  it  would  have  been  extravagant  to  have  paid  much  more  for  a 
survey  for  the  purpose  in  view.  Part  of  the  streets  have  been  built  according  to  our 
plan  at  an  average  price  per  running  foot  ($1,05  including  crushed  stone  roadbed), 
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The  map  of  “Aspinwall  Hill”  was  an  unusually  accurate  survey,  plotted  at  100 
feet  to  an  inch,  but  I do  not  know  what  it  cost. 

The  map  of  “ Belle  Isle”  was  done  by  contract  at  a round  sum  according  to  our 
specifications.  It  was  plotted  on  sheets  at  50  feet  to  an  inch,  and  also  on  one  sheet 
at  100  feet  to  an  inch.  On  the  large  scale  all  measurements  locating  isolated  or 
principal  trees,  buildings,  wharves,  etc.,  were  shown,  also  levels  which  were  taken 
at  every  100  feet,  with  others  where  necessary.  I can  not  remember  the  price  paid, 
but  it  was  low,  I should  think  $1,500  or  $2,000. 

The  map  of  “West  Roxbury  Park”  was  plotted  at  JL00  feet  to  an  inch,  as  was  also 
that  of  “Muddy  River,”  both  by  hired  surveyors  and  draughtsmen  under  the  direc- 
tion of  the  city  engineer.  The  party  employed  on  “West  Roxbury  Park”  was  in 
the  field  over  a year  and  the  draughtsmen  took  months  to  make  the  plan  so  that  it 
must  have  been  very  costly.  At  the  same  time  we  find  already  that  the  rocks  are 
very  inaccurately  represented  and  in  many  cases  not  shown  at  all,  and  in  general 
the  topographical  indications  can  not  be  implicitly  relied  upon  in  the  rough,  rocky 
ground,  but  have  to  be  studied  carefully  on  the  ground  while  planning.  The 
locating  of  everything  that  could  be  measured  to  with  the  tape  is  probably  quite 
accurate,  and  the  leveling  also,  but  a much  more  valuable  map  would  have  been 
made  by  a surveyor  accustomed  to  sketching  accurately  on  the  ground  instead  of 
working  up  instrumental  field  notes  in  the  office,  and  at  inuchless  cost. 

As  to  accuracy  in  general,  the  boundary  and  buildings  and  a few  monuments  on 
a place  should  be  located  with  such  accuracy  as  to  permit  a plan  of  roads  based  on 
them  to  be  staked  out  by  a different  surveyor  without  any  trouble.  I should  say 
that  errors  of  measurement  of  these  principal  features  ought  not  to  exceed  one-tenth 
of  1 per  cent  on  maps  at  100-foot  scale,  but  that  the  minor  features,  trees,  walks,  and 
roads,  stone  walls,  ditches,  rocks,  etc.,  might  have  errors  of  1 per  cent  without 
causing  undue  trouble,  while  the  delineation  of  masses  of  rock  and  woods,  and  the 
location  of  contours  might  be  even  2 or  3 feet  out.  I mean  that  the  main  skeleton 
in  most  cases  should  have  that  degree  of  accuracy,  while  the  filling  in  within  spaces 
of  a few  inches  on  the  map  might  have  the  degrees  of  error  mentioned.  The  render- 
ing of  a map  for  reducing  should  be  much  stronger  and  less  detailed  than  is  usual. 
The  Muddy  River  plan  is  clear  and  simple,  although  reduced,  I think,  from  100  to 
300  feet  to  an  inch,  while  the  tracing  for  West  Roxbury  had  to  be  set  aside  and  a 

new  one  made  because  it  was  too  fine  in  the  lines  to  bear  «ne-half  reduction. 

# * 

J.  C.  Olmsted. 


Brookline,  Mass.,  May  24, 1885. 

H M # * * *•  * 

I returned  Hodgkins  letter  as  you  wished.  Did  you  wish  the  maps  returned  also? 

He  refers  to  an  extreme  cost  of  surveys  when  he  mentions  $20  per  acre.  Of  course 
these  are  rare  cases  and  represent  an  amount  of  detail  such  as  he  probably  has  had 
no  experience  of.  It  includes,  for  instance,  the  location  of  every  tree,  with  notes  as 
to  species,  spread  of  branches,  and  diameter  of  trunk,  also  delineation  of  all  rocks 
and  bowlders  and  accurate  measurements  of  houses  and  all  artificial  features,  and 
test  pits  to  show  the  depth  and  character  of  soil,  besides  very  numerous  levels  and 
1-foot  contours  and  drawn  on  a scale  of  20  or  30  feet  to  an  inch.  Of  course  what  is 
done  for  a given  price  must  be  very  carefully  specified,  and  even  then  there  is  no 
guaranty  practically  as  to  the  accuracy  of  all  of  the  work  besides  the  known 
honesty  of  character  of  the  surveyor.  We  consider  a good  plane-table  survey  the 
best,  but  for  convenience  of  subsequently  staking  out  work  the  surveys  are  usually 
made  by  staking  out  the  whole  ground  into  25,  50,  or  100  feet  squares,  as  the  case 
may  be,  in  which  case  the  levels  and  trees,  etc.,  are  determined  by  measurement 
from  these  stakes.  If  the  price  is  excessive  it  must  mean  that  too  large  a profit  is 
charged  or  that  the  work  is  not  done  by  the  cheapest  method,  of  course  assuming 
that  the  quality  of  the  result  is  first  rate.  Wages  of  surveyors  I believe  run  from 
$2  to  $10  per  day.  When  the  jobs  are  small  in  e stent,  rarely  covering  over  500  acres, 
more  often  only  20  or  30  to  50  acres,  the  otjjee  rent,  profit  for  general  superintend* 
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ence,  and  expenses  of  all  kinds  (stakes  and  fences)  m^ist  be  covered.  The  fair, 
ordinary  cost  for  a quality  of  survey  such  as  suits  our  purposes  is  generally  about 
$5  per  acre. 

The  survey  is  generally  made  cheapest  by  the  surveyor  who  lives  nearest  the 
ground  and  who  handles  the  instruments  himself. 

J.  C.  Olmsted. 


LETTER  FROM  ASSISTANT  E.  F.  RIFE  INS. 

In  reply  to  yours  of  the  25th  ultimo,  1 beg  leave  to  submit  the  follow- 
ing for  your  consideration  : 

For  a general  coast  chart,  where  the  geographical  positions  of  the 
principal  headlands  have  been  determined  by  astronomical  stations 
and  are  not  yet  connected  by  triangulation,  the  intervening  coast  line 
and  topography  can  be  put  in  rapidly  and  with  sufficient  accuracy  by 
a plane-table  reconnaissance,  such  as  was  made  by  Assistants  Bock- 
well,  Pratt,  and  myself,  along  the  coasts  of  Oregon  and  Washington  in 
1887.  This  plan  might  be  used  to  advantage  along  the  coast  of  Alaska 
or  any  other  section  where  it  is  not  desirable  to  wait  for  the  triangula- 
tion  to  be  executed.  But  after  the  coast  triangulation  is  completed  I 
think  the  topography  should  be  filled  in  with  the  utmost  accuracy, 
especially  the  shore  line,  outlying  rocks,  and  the  positions  of  all  promi- 
nent landmarks  and  landfalls.  As  to  the  accuracy  of  the  contouring  a 
great  deal  will  have  to  be  left  to  the  judgment  of  the  officer  in  charge 
of  the  survey. 

We  are  called  on  constantly  on  this  coast  for  the  use  of  our  topo- 
graphical sheets  in  the  location  of  wharves,  landings,  chutes,  mills, 
etc.,  and  a great  many  important  land  cases  have  been  settled  by  the 
use  of  our  topographical  surveys  of  San  Francisco  and  vicinity,  our 
maps  being  accepted  by  the  courts  as  correct,  and  the  marsh  lines, 
high  and  low  water  lines,  creeks,  fence  lines,  and  other  objects  shown 
on  our  sheets  taken  in  defining  and  deciding  the  boundaries  of  impor- 
tant land  claims.  The  error  in  the  California  and  Oregon  boundary 
was  discovered  by  a topographical  party. 

This  is  a reputation  of  which  we  ought  to  be  justly  proud,  and  it  should 
be  our  endeavor  to  keep  our  finished  topography  up  to  the  standard. 

The  cost  of  topography  and  the  rapidity  in  its  execution  depend 
upon  the  character  of  the  country  and  the  amount  of  detail  to  be  put 
in.  Were  we  called  upon  to  cover  large  areas  of  interior  topography 
and  do  more  rapid  and  less  accurate  work  we  might  adopt  other 
methods,  but  at  present  our  work  is  an  accurate  survey  and  too  many 
interests  depend  upon  it  to  allow  it  to  be  otherwise. 

I do  not  believe  any  of  us  would  care  to  exchange  our  reputation  for 
quality  for  that  of  quantity,  and  I think  it  would  be  a mistake  to 
permit  any  departure  in  our  work  that  would  lessen  its  practical  use- 
fulness and  value. 
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LETTER  FROM  ASSISTANT  W.  I.  VINAL. 

In  answer  to  your  letter  of  the  25th  inst.,  I submit  the  following: 

With  reference  to  the  first  suggestion  of  the  Superintendent,  I would 
say  (1)  that  a good  revieAv  of  the  present  state  of  the  science  and  art  of 
topography,  with  illustrations  of  the  various  forms  of  the  plane  table, 
may  be  found,  as  you  are  probably  aware,  in  a pamphlet  entitled 
u The  economic  use  of  the  Plane  table  in  Topographical  Surveying,”  by 
Josiah  Pierce,  jr.,  of  the  U.  S.  Geological  Survey. 

This  paper  was  read  and  discussed  before  the  Institution  of  Civil 
Engineers  of  London,  England,  and  was  published  under  its  auspices 
in  1888. 

In  addition  to  the  purely  governmental  work,  on  which  it  is  usually 
employed,  the  plane  table  has  been  used  by  the  harbor  commissioners 
about  Boston,  Mass.,  and  in  making  the  detailed  surveys  of  the  city  of 
Portland,  Me.,  Fairmount  Park,  Philadelphia,  and  elsewhere. 

2.  The  classification  of  topographical  surveys  must,  in  my  opinion, 
necessarily  be  more  or  less  indefinite.  For  general  purposes  the  conn 
try  could  be  partitioned  with  reference  to  its  geological  structure,  but 
the  designation  of  classes  of  particular  surveys  to  grades  would  be 
largely  governed  by  the  peculiar  features  to  be  mapped.  A convenient 
method  of  expressing  the  character  of  any  piece  of  work,  and  therefore 
its  grade,  would  be  to  name  the  scale  on  which  it  is  required  to  be  sur- 
veyed, as  1-10000,  etc. 

3.  The  practice  of  the  Coast  and  Geodetic  Survey  in  the  use  of  con- 
tours and  symbols  for  the  representation  of  characteristic  features 
would  seem  to  leave  but  little  to  be  desired. 

4.  I believe  work  could  be  done  more  rapidly  and  with  a saving  of 
expense  in  many  cases : 

(a)  By  using  some  other  material  than  backed  drawing  paper  in  the 
field  work. 

(b)  By  having  only  the  most  important  features  represented  on  the 
field  sheets  by  the  usual  plane-table  methods  and  filling  in  the  survey 
from  records  made  with  a transit  and  stadia.  A small  transit  fitted 
with  stadia  lines  and  vertical  arc  cau  be  used  with  great  facility  in 
surveying  roads  through  extensive  tracts  of  wood  where  great  pre- 
cision of  representation  and  contour  are  not  essential.  The  use  of 
Porro’s  telescope,  described  in  Johnson’s  u Theory  and  Practice  of  Sur- 
veying,” would  insure  the  general  accuracy  of  this  class  of  work. 

(c)  By  photography  in  limited  areas  when  controlled  by  a number  of 
well  located  points.  Photographs  would  often  be  useful,  aside  from 
affording  material  for  filling  in  the  map,  for  they  would  show  the 
nature  of  the  surface,  whether  regular  or  broken,  smooth  or  eroded, 
and  assist  in  the  final  representation. 

(d)  In  surveys  of  minor  detail  the  prismatic  compass  and  pedometer 
may  often  be  found  useful.  Church’s  American  Pedometer  has  given 
good  results  on  comparatively  level  ground, 
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(e)  The  plane  table,  as  now  used  by  this  Survey,  might  be  modified 
so  as  to  admit  of  adjustment  for  eccentricity  without  impairing  its  sta- 
bility. The  weight  of  the  instrument  can  also  be  considerably  reduced 
by  using  aluminum  bronze  in  constructing  the  movements.  This  metal 
is  largely  used  in  the  manufacture  of  instruments  and  is  in  many  ways 
preferable  to  brass. 

LETTER  FROM  SUB  ASSIST  AM  FREMONT  MORSE. 

In  response  to  your  communication  of  January  25,  1 have  but  one  or 
two  suggestions  to  offer,  and  these  briefly,  since  the  time  limit  set  for 
these  replies  in  Washington  has  already  nearly  expired. 

In  regard  to  the  use  of  contours,  it  seems  to  me  that  the  method 
adopted  on  some  of  the  recent  published  sheets  of  strengthening 
certain  curves  (say  every  100,  when  20-foot  contours  are  shown)  should 
be  made  general.  In  rough  and  precipitous  regions  it  is  well  nigh 
impossible  to  trace  curves  on  a sheet  unless  this  be  done,  and  I am 
satisfied  that  the  practice,  once  adopted  on  the  field  sheets,  would  pre- 
vent to  a great  extent  the  error  of  “ dropped  v curves. 

One  other  point  I would  advocate  in  connection  with  the  fourth 
paragraph  of  the  Superintendent’s  opening  address,  and  that  is  the 
use  of  the  micrometer  eyepiece  on  the  alidade  in  connection  with  a 
somewhat  longer  rod  than  that  now  in  use,  particularly  for  rapid 
reconnaissance  work.  I have  had  some  experience  in  this  class  of 
work,  having  done  all  the  plane-table  work  on  the  reconnaissance  of 
the  coast  of  Washington  from  Gray’s  Harbor  to  Cape  Flattery.  In 
this  work  I used  a small  table  about  (as  t remember  it)  18  by  24  inches, 
with  an  alidade  correspondingly  smaller  than  an  ordinary  Coast  and 
Geodetic  Survey  alidade.  It  was  fitted  with  a micrometer  eyepiece. 
The  rod  used  was  about  10  feet  long,  with  two  fixed  targets  near  the 
ends.  . At  a convenient  place,  where  there  was  a long  stretch  of  sand 
beach,  a series  of  observations  were  made  to  determine  the  number  of 
turns  of  the  micrometer  corresponding  to  distances  of  100,  200,  300, 
etc.,  metres  up  to  800,  and  a table  was  interpolated  for  intermediate 
distances.  Thus  equipped,  the  micrometer  was  used  to  measure  the 
distance  along  the  entire  stretch  of  coast  from  Point  Grenville  to  Cape 
Flattery,  and  I have  no  hesitation  in  saying  that  the  work  was  fully  as 
accurate  as  it  would  have  been  had  the  distances  been  measured  in 
shorter  lengths  with  the  ordinary  rods,  and  that  in  point  of  speed  there 
was  no  comparison  between  the  two  methods.  The  average  length  of 
sight  was  about  700  metres  between  stations,  and  in  two  or  three 
instances,  where  shorter  sights  were  not  practicable  from  the  rough 
nature  of  the  shore  line,  distances  of  1 200  and  in  one  case  about  1 500 
metres  were  measured. 

K.  Ex.  43,  pt.  2- — 38 
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It  will  thus  be  seen  what  a decided  advantage  the  micrometer  all 
dade  has  over  the  ordinary  style  for  this  class  of  work,  and  I have  no 
doubt  that  a thorough  trial  of  it  in  rough  and  mountainous  country, 
that  is  not  too  heavily  timbered,  will  satisfy  any  topographer  of  its 
utility.  In  smooth  and  settled  country,  where  there  is  much  detail,  it 
may  not  be  of  much  use,  as  in  that  case  the  observer  must  be  near  the 
object  he  is  delineating  in  order  to  do  it  intelligently. 


LETTER  FROM  MR.  CHARLES  JUNKEN,  DRAUGHTSMAN. 

In  answer  to  the  circular  letter  from  the  Topographical  Conference, 
I have  the  honor  to  submit  the  following: 

I shall  not  attempt  to  treat  of  the  first  three  themes  suggested  in 
your  letter,  but  shall  confine  myself  to  a brief  review  of  what  I con- 
sider the  best  means  of  securing  data  for  delineating  topographical 
features.  As  a basis  for  an  extensive  topographical  survey,  I am  con 
vinced  of  the  necessity  of  an  accurate  system  of  triangulation  as  car- 
ried on  by  the  Coast  and  Geodetic  Survey  as  being  in  the  end  the  most 
economical. 

In  which  view  I am  well  supported  by  previous  methods  and  results. 
I also  highly  approve  of  the  plan  of  running  lines  of  levels  from  well- 
defined  points  on  the  seacoast,  extending  across  the  continent,  bench- 
marks being  located  at  convenient  points.  I am  fully  aware  that  the 
methods  above  recommended  are  apparently  expensive,  but  am  con- 
vinced of  their  economy  in  the  end,  for  it  is  work  that  has  to  be  re- 
peated that  really  proves  expensive. 

For  locating  the  topographic  features  I most  heartily  recommend 
the  plane  table,  as  at  present  used  in  the  Coast  and  Geodetic  Survey. 
The  tachymeter  attachment  will  prove  to  be  of  advantage  in  mountain 
ous  districts,  Avhere  the  stadia  may  also  be  used.  Elevations  on  promi- 
nent points,  as  usually  taken,  will  prove  sufficient  for  tracing  contours. 

I do  not  consider  the  results  obtained  by  such  methods  as  captive 
balloons,  rough  reconnaissance,  photographic  surveys,  and  the  like,  as 
at  all  commensurate  with  the  time,  trouble,  and  expense  involved. 


LETTER  FROM  MR.  A.  LINDENKOHL,  DRAUGHTSMAN. 

In  reply  to  your  letter  of  January  25,  inviting  me  to  send  to  your 
board  any  comments  I may  desire  to  express,  I beg  leave  to  direct 
your  attention  to  the  second  part  of  a report  to  the  Superintendent 
upon  European  methods  of  surveying  and  map  reproduction  compared 
with  those  practiced  by  the  Coast  Survey. 

This  report  is  based  upon  observations  which  I made  at  Berliu  and 
at  Paris  in  1889,  during  the  Exposition,  in  obedience  to  instructions  of 
the  Superintendent,  dated  June  17,  1889, 
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I also  send  a pamphlet  containing  a deseription  of  a tachymeter  (to 
be  returned);  can  send  you  one  of  the  Breithaupt  plane  table,  and  hold 
myself  in  readiness  to  answer  any  specilie  questions  you  may  be  pleased 
to  address  to  me. 


U.  S.  Coast  and  Geodetic  Survey  Office, 

Washington , D.  (7.,  October  7 , 1889. 

Sir  : In  obedience  to  the  instructions  of  the  Superintendent,  dated 
June  17,  1889,  I have  the  honor  to  submit  herewith,  in  two  parts,  my 
official  report  in  reference  to  cartography,  as  exhibited  at  the  Paris 
Exposition  of  1889. 

By  these  instructions  I was  directed  to  make  a thorough  examina- 
tion of  the  cartographic  exhibit,  for  a twofold  purpose.  First,  I was  to 
render  a descriptive  report  upon  the  contributions  of  the  several  exhib- 
itors, giving  statements  of  the  quality  as  well  as  quantity  of  their 
work;  this  is  treated  of  in  Part  i of  this  report.  Secondly,  I was 
directed  to  examine  into  the  different  methods  used  by  the  exhibitors 
for  the  production  and  reproduction  of  maps,  and  to  submit  a critical 
report  upon  their  relative  merits  in  regard  to  style  of  execution  and 
the  saving  of  time  and  expense;  this  is  treated  of  in  Part  n of.  this 
report. 

The  time  allowed  for  the  preparation  of  this  report  precludes  any 
attempt  at  exhaustiveness,  and  only  such  matters  have  received  special 
attention  as  were  supposed  to  be  of  interest  to  the  Coast  and  Geodetic 
Survey. 

I arrived  in  Paris  July  28,  and  called  on  Gen.  William  B.  Franklin, 
U.  S.  Commissioner-General,  and  on  Col.  Victor  Bernard  Derrecagaix, 
Director,  etc.,  presenting  sucb  letters,  etc.,  as  had  been  provided  me. 
These  gentlemen  afforded  me  every  facility,  and  I beg  to  express  to 
them,  through  you,  my  appreciation  of  their  courtesy  and  kindness  in 
facilitating  the  work  intrusted  to  me.  I left  Paris  August  5 and  re- 
ported for  duty  at  the  Office  September  2,  1889. 

Yours,  respectfully, 


A.  Lindenkohl, 


Prof.  T.  C.  Mendenhall, 

Superintendent  TJ.  8.  Coast  and  Geodetic  Survey , 

Washington , D.  C. 


Part  I. — Cartographic  Exhibit  at  the  Paris  Universal 
Exposition  in  1889. 

Cartography  and  geography  are  not  as  completely  represented  at  the 
Paris  Exposition  in  1889  as  they  were  at  the  Centennial  Exhibition  in 
Philadelphia  in  1876  or  at  the  Geographical  Congress  in  Venice  in 
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1881.  The  absence  of  Government  exhibits  by  the  greater  number  ol 
European  monarchies  at  the  Paris  Exposition  has  been  generally  as- 
cribed to  political  motives,  but  it  may  also,  in  part,  be  due  to  econom- 
ical motives,  since  these  expositions  occur  at  such  short  intervals  and 
entail  so  great  an  expense  that  many  States  with  slender  budgets  may 
not  be  able  to  incur  it.  Under  these  circumstances  it  is  fortunate  for 
those  who  went  to  the  Exposition  for  the  purpose  of  seeing  excellent 
workmanship  in  cartography  rather  than  to  inform  themselves  upon 
the  actual  present  state  of  several  European  state  surveys,  for  the 
two  European  countries,  France  and  Switzerland,  that  have  always 
been  in  the*  lead  in  what  is  now  considered  an  absolute  necessity,  viz, 
the  surveying  and  mapping  of  the  public  domain,  make  so  tine  and 
exhaustive  a display  there  of  their  public  surveys.  It  is,  however, 
only  on  rainy  days  or  in  the  forenoons  that  these  maps  can  be  exam- 
ined with  anything  like  comfort $ in  the  afternoons  of  every  fine  day 
these  rooms  are  packed  by  a crowd  of  people  more  intensely  French  in 
feature  and  expression  than  I have  ever  seen  on  any  previous  occasion, 
not  excepting  one  sunny  afternoon  at  the  national  gallery  at  Versailles 
during  the  proudest  days  of  the  Empire.  I should  have  been  inclined 
to  attribute  this  concourse  to  a strong  development  of  the  taste  for 
fine  maps  in  the  French  people  had  this  not  been  contradicted  by  the 
circumstances  that  at  the  very  same  time  the  halls  of  the  exhibit  of 
geography  and  cosmography,  which  also  contained  a fine  collection  of 
maps,  belonged  to  the  most  deserted  spots  of  the  entire  exhibition. 
It  is  undoubtedly  patriotic  fervor  or  military  spirit  which  prompts  the 
French  to  frequent  the  rooms  of  the  War  Department  exhibit,  and 
even  granted  that  the  more  sho  wy  display  of  models  of  soldiers  in  all 
possible  uniforms  on  the  same  floor  with  the  maps  offers  the  greater 
attraction,  yet  there  was  abundant  evidence  that  the  people  looked 
with  pride  at  the  achievements  of  the  geographical  branch  of  the  mili- 
tary service.  A very  complete  catalogue  published  by  the  latter  and 
furnished  free  of  charge,  contains  a great  deal  of  interesting  informa- 
tion about  the  maps  as  well  as  surveying  instruments  exhibited  by  the 
War  Department. 

Taking  up  the  consideration  of  the  exhibit  of  charts,  etc.,  by  coun- 
tries, we  naturally  take  first — 

France. — The  most  interesting  exhibit  of  maps,  etc.,  at  the  whole 
Exposition  is  that  of  the  French  War  Department.  The  walls  of  two 
large  rooms  are  set  apart  for  the  display  of  maps,  one  room  for  the 
modern  maps,  the  other  for  those  of  older  date.  Among  the  maps  of 
older  date  a section  of  a map  of  France  by  Cassini  is  the  first  to  attract 
our  attention.  It  is  on  a scale  of  1-86400,  and  was  the  first  map  in 
Europe  which  was  based  upon  geodetic  operations.  Commenced  in 
1733,  it  was  not  finished  until  1815.  The  topography  is  represented  by 
long  hachures,  reaching  from  the  crest  of  the  hills  to  the  base,  but 
without  any  special  attempt  at  minuteness  or  reference  to  steepness  of 
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slope.  This  map  appears  again  reduced  to  about  one-fourth  (1-345600), 
and  is  called  “Capitaine’s  map  of  France  (called  after  its  author,  Louis 
Capitaine,  who  was  Cassini’s  associate  and  assistant) ; but  here  the 
mountains  are  represented  in  oblique  light.  Noticeable  also  in  this 
room  are  the  maps  of  foreign  countries  made  by  the  French  engineer 
geographers  under  Napoleon.  Thus  we  find  maps  of  Italie,  Suabia, 
Bavaria,  the  country  bordering  on  the  Rhine,  Egypt,  etc.,  all  engraved 
on  copper.  The  method  generally  adopted  by  these  u engineer  geogra- 
phers” for  the  representation  of  hills  consisted  in  short  hachures  along 
the  lines  of  shortest  descent  with  oblique  illumination.  The  last  and 
finest  specimens  of  these  works  is  the  topographical  map  of  Corsica, 
scale  1-100000,  published  in  1824.  Its  realistic  effect  is  truly  sur- 
prising. 

In  a room  containing  the  modern  maps,  two  selections  of  the  famous 
map  of  France  at  once  engaged  our  attention  ; these  sections  represent 
the  regions  of  the  Alps  and  of  the  Pyrenees.  This  map  is  engraved  on 
copper  on  the  scale  of  1-80000  in  273  sheets.  It  was  undertaken  for 
the  purpose  of  superseding  Cassini’s,  which  had  been  found  insufficient. 
Surveys  were  commenced  in  1818  and  continued  until  1866.  The  first 
sheet  was  published  in  1833  and  the  last  in  1882.  This  map  is  univer- 
sally conceded  to  be  one  of  the  greatest  triumphs  of  cartography; 
although  composed  of  273  parts,  showing  the  result  of  the  labor  of 
about  800  men,  and  engraved  by  over  65  different  artists,  it  has  the 
appearance  of  having  been  done  by  the  same  hand.  The  topography 
is  engraved  in  such  an  exact  and  characteristic  manner  that  the  true 
relief  of  each  section  is  conveyed  almost  instantaneously.  The  same 
map  is  reduced  to  one-fourth  (scale  1-320000)  in  33  sheets,  published 
between  1852  and  1883,  and  is  now  being  reduced  to  scale  1-600000, 
with  parts  of  adjacent  countries  (in  6 sheets).  All  these  maps  are 
engraved  on  copper,  the  relief  represented  by  vertical  hachures  cor- 
responding to  the  inclination  of  the  slope. 

The  publication  of  the  above  three  series  of  maps  had  not  even  been 
finished,  when  experience  taught  that  they  would  not  answer  for  all 
the  jmrposes  for  which  they  were  intended.  For  many  military, 
engineering,  and  internal  improvement  purposes,  the  scale  1-80000 
was  found  to  be  too  small.  Contour  lines  were  desired  as  being  more 
useful  than  hachures,  and  in  consequence  of  the  employment  of  but  one 
color — black — for  hachures  and  outlines  of  various  kinds,  such  as  roads, 
rivers,  etc.,  these  latter  were  often  so  much  obscured  that  they  could 
only  be  discerned  with  difficulty  by  a practiced  eye.  To  overcome  these 
defects,  the  geographical  service  of  the  army  has  gone  to  work,  with- 
out loss  of  time,  to  supplement,  or  supplant,  the  above  maps  by  others 
on  larger  scales,  on  which  different  colors  are  employed  and  on  which 
hachuring  is  replaced  by  contour  lines  and  crayon  shading.  The  new 
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map  of  France  is  on  the  scale  1-50000  (reduced  from  tlie  surveys  on  the 
scale  of  1-40000)  in  950  sheets ; is  engraved  on  zinc  in  6 colors — water 
blue,  roads  red , woods  green , contour  lines  brown , lettering  and  in- 
ferior roads  blade,  tinting  gray.  Contour  lines  are  10  metres  apart.  In 
the  same  way  that  the  1-50000  is  to  supersede  the  1-80000  map, 
another  new  one  on  the  scale  of  1-200000  is  to  replace  the  one  on  scale 
1-320000;  it  will  he  in  82  sheets,  also  engraved  on  zinc  for  6 colors,  and 
have  20  metre  curves.  The  illumination  for  the  crayon  shading  is  to 
be  vertical  in  both  series  of  maps  except  in  the  mountainous  districts 
on  the  smaller  scale,  where  oblique  light  has  been  adopted  for  the 
steeper  slopes  in  order  to  save  the  outlines  from  being  obscured  (I 
suppose  on  account  of  better  effect  too).  Finally,  a map  on  the  scale 
of  1-500000,  in  lieu  of  the  one  on  1-600000,  in  15  sheets  (14  already  pub- 
lished). This  map,  like  its  predecessor,  takes  in  part  of  adjacent 
countries;  is  lithographed  in  5 colors — water  blue,  hachures  brown , 
woods  green , contour  lines  (100  metres  apart)  red,  towns  and  roads 
blade.  The  relief  is  engraved  in  hachures  with  zenithal  light  for  level 
and  oblique  light  for  mountainous  regions. 

The  War  Department  lias  also  on  exhibition  three  specimens  of  the 
map  of  Algiers,  engraved  on  zinc  in  7 colors,  to  comprise  327  sheets  in 
all;  a map  of  Mexico,  scale  1-3000000,  and  maps  of  Ton  quin  on  scale  of 
1 100000  in  13  sheets  and  1-500000  in  3 sheets. 

Independent  of  the  maps  of  France  published  by  the  War  Depart- 
ment, there  is  published  by  the  Ministry  of  the  Interior  a map  of 
Prance  on  the  scale  of  1-100000,  in  590  sheets,  in  colors — blue  for  water 
and  altitudes,  green  for  woods,  red  for  principal  roads,  gray  tint  for  the 
relief  (oblique  light),  blade  for  lettering,  etc.  This  map  is  based  upon  the 
map  on  scale  1-80000,  but  brought  up  to  date  as  far  as  concerns  public 
roads,  etc.  There  is  also  a map  of  France  by  the  Ministry  of  Public 
Works  on  the  scale  1-200000,  in  141  sheets,  engraved  on  copper  in  three 
colors  (black,  blue,  and  brown).  The  above  review  by  no  means 
exhausts  the  list  of  maps  of  France  published  at  the  expense  of  the 
Government;  and  when  it  is  considered  that  all  these  maps  are  based 
upon  the  etat  major  survey,  .which  is  on  the  extremely  small  scale  of 
1-40000,  it  must  be  admitted  that  Capt.  George  M.  Wheeler,  in  his  report 
upon  the  Geographical  Congress  at  Venice,  does  not  exaggerate  when 
he  says : u On  the  whole,  it  would  appear  that  the  Government  of  France 
has  more  map-makers  than  material  for  maps.” 

The  French  hydrographic  service  exhibits  in  two  places,  in  the  build- 
ing of  the  War  Department  and  in  the  pavilions  devoted  to  geography 
and  cosmography.  The  surveys  made  before  1819  are  combined  in  a 
portfolio;  those  of  later  date  are  hung  up  on  the  wall.  Among  the 
latter  are  those  of  the  coast  of  Tunis,  of  Cochin  China,  the  Gulf  of 
Tonquin,  the  Straits  of  Magellan,  and  of  French  harbors.  We  had 
just  commenced  taking  down  the  titles  of  these  charts  (although  they 
can  all  be  found  in  our  office  and  in  the  Hydrographic  Office  of  the 
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Navy)  when  We  were  stopped  by  a soldier  on  duty,  with  the  remark, 
u Monsieur,  il  n’est  pas  permis  de  prendre  des  notes  ici.”  If  the  guard 
had  been  a civilian  we  might  have  informed  him  that  we  had  all  these 
charts  at  Washington  by  regular  exchange  with  the  French  Gov- 
ernment. 

One  ot  the  greatest  sights  of  the  Exposition,  only  excelled  by  the 
Eiffel  tower,  is  the  immense  terrestrial  globe  by  Messrs.  T.  H.  Villard 
and  Ch.  Cotard.  It  is  on  the  scale  of  1-1000000;  the  diameter  meas- 
ures 12*732  metres  and  the  circumference  40  metres.  A conception  of 
its  size  may  be  formed  by  a comparison  with  some  well-known  pub- 
lished charts.  Thus,  it  takes  two  huge  sailing  charts  on  even  a smaller 
scale  (1-1200000)  to  delineate  the  Atlantic  coast  of  the  United  States 
from  Maine  to  Florida.  The  largest  and  best  general  atlases  do  not 
reach  this  large  scale,  even  for  the  most  minutely  drafted  countries. 
Thus  it  takes  four  sheets  on  scale  of  1-1500000  in  StielePs  Atlas  to 
show  the  whole  of  France,  and  the  same  number  ot  sheets  on  the  same 
scale  for  Germany.  The  globe,  however,  is  not  intended  to  be  sub- 
jected to  very  close  inspection,  and  although  its  general  accuracy  is  to 
be  highly  commended,  the  outlines  of  the  continents  and  their  features 
are  greatly  generalized.  The  mountain  chains  and  the  bed  of  the 
ocean  are  not  shown  in  relief,  but  by  colors,  because  the  highest 
mountains,  taking  them  at  8 000  metres,  would  appear  at  an  elevation 
of  but  8 millimetres,  a dimension  which  would  be  scarcely  appreciable. 
It  can  not  be  asserted  that  the  construction  of  this  globe  solves  any 
geographic  problem  or  advances  geographical  science,  but  it  certainly 
is  an  interesting  object  to  all  who  take  interest  in  geography,  regard- 
less of  proficiency. 

In  the  pavilion  set  apart  for  “geography  and  cosm  ography”  there 
is  a large  collection  of  geographical  maps,  atlases,  relief  charts  and 
globes,  all  by  French  authors,  and  made  at  Paris.  Among  the  maps 
and  charts  there  are  many  that  have  no  special  merit.  It  is  too  often 
plainly  visible  that  the  authors  themselves  were  not  intimately  ac- 
quainted with  their  subject,  and  the  style  of  execution,  as  a rule,  is 
inferior  to  the  better  class  of  corresponding  German  works.  Under 
these  circumstances  it  was  an  agreeable  surprise  to  find  in  the  exam- 
ples of  the  Universal  Atlas,  by  Vivien  de  Saint-Martin  and  F.  Schra- 
der, published  by  Hacliette  & Co.,  a quality  of  work  that  rivals  the 
best  productions  of  England  and  Germany — the  Imperial  Atlas,  by 
Keith  Johnstone,  and  Stieler’s  Atlas,  for  instance.  Their  accuracy  is 
unimpeachable,  the  selection  of  names  shows  excellent  judgment,  and 
I was  especially  struck  by  the  beauty  of  the  hachuring,  which  is  very 
clear,  and  at  the  same  time  sufficiently  mellow  to  leave  to  outlines  and 
lettering  due  prominence. 

In  the  matter  of  relief  charts  the  French  certainly  evince  a great 
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deal  of  enterprise  and  skill,  and  greatly  surpass  the  Germans.  Too 
much  space  would  be  required  to  mention  all  the  fine  models  exhibited, 
but  a few  may  be  noticed  of  special  scientific  interest.  The  Alpine 
Club  had  a model  of  Mont  Blanc,  by  Bardin,  and  one  of  Mount  Perdu 
(Pyrenees),  by  F.  Schrader;  but  the  pearl  of  all  was  a relief  chart  of 
France,  extending  from  Paris  and  Lyons  to  the  Mediterranean,  by 
M’elle  C.  Kleinhaus.  This,  I believe,  is  the  relief  constructed  under 
Levasseur’s  direction,  and  which  attracted  so  much  attention  at  Paris 
in  1875  and  at  Venice  in  1881. 

Switzerland. — Next  to  France,  Switzerland  makes  the  greatest  dis- 
play of  maps.  There  is  the  celebrated  Dufour  atlas  (1842-’64),  scale 
1-100000,  in  25  sheets,  engraved  on  copper.  It  is  shown  in  atlas  form 
and  twice  as  a wall  map;  one  a geological  map  and  the  other  retouched 
with  the  brush  to  heighten  effects.  The  latter  especially  rivets  oui- 
attention  by  its  surprising  plastic  effects.  The  Dufour  map  has,  since 
its  appearance,  been  considered  one  of  the  greatest  masterpieces  of 
cartographic  art;  its  peculiar  feature  is  the  selection  of  oblique  light 
for  the  steep  slopes,  as  on  the  backbone  of  the  Alps,  and  vertical  light 
for  the  rest  of  the  map,  and  it  is  generally  admitted  that  no  other 
method  could  have  been  equally  effective  in  bringing  out  the  relief  of 
the  terrain.  There  is  also  shown  a reduction  of  this  map  to  1-250000, 
in  4 sheets.  It  would  appear  that  Switzerland  had  very  much  the 
same  experience  with  these  maps  on  1-100000  that  France  had  with 
her  1-80000  map,  to  wit,  that  it  would  not  suffice  for  all  practical 
purposes  on  account  of  its  small  scale  and  the  absence  of  contour  lines. 
The  last  sheet  of  this  atlas  had  scarcely  reached  the  public  when  the 
Confederation  set  about  publishing  the  plane-table  sheets  on  their  full 
scale,  which  is  1-25000,  with  contour  lines  10  metres  apart  for  the  more 
level  regions,  and  1-50000,  with  30-metre- contour  lines  for  the  moun- 
tainous regions ; the  former  to  be  engraved  on  copper  and  the  latter  to 
be  lithographed,  and  the  whole  series  to  comprise  561  sheets,  of  which 
about  400  have  been  published  to  date.  Inasmuch  as  this  atlas  is  con- 
structed on  a different  method  from  the  French  atlas  on  the  same  scale 
and  is  rated  in  Europe  as  one  of  the  best  models  for  topographical 
representation,  it  may  be  well  to  indicate  the  manner  in  which  the  three 
colors  in  which  it  is  printed  have  been  applied. 

Blach  is  used  for  lettering,  buildings,  roads,  forests,  for  contour  lines 
where  the  ground  is  bare  of  soil  and  vegetation,  and  also  to  hachure 
steep  slopes  and  steep  rocks  in  oblique  illumination ; brown  is  used  for 
contour  lines  and  hacliures  of  inferior  slopes  in  vertical  light;  blue  for 
water  and  contour  lines  on  glaciers.  However  effective  this  method 
has  proved  in  the  hands  of  the  Swiss  for  the  representation  of  the  Alps?, 
the  delineation  of  flat  countries,  like  Denmark,  by  contours  only,  with- 
out shading  or  haclmres,  has  been  found  to  destroy  all  natural  effect. 
No  method  of  representing  the  relief  by  contour  lines  has  yet  been 
devised  which  meets  universal  approval.  The  Swiss  also  exhibit  sev- 
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eral  fine  models,  and  in  their  attention  to  this  particular  method  of 
geographical  and  topographical  r€fpresentation  seem  to  be,  with  the 
French,  ahead  of  all  other  nations.  S.  Simon  and  X.  Kufeld  have 
reliefs  of  the  Four  Cantons,  Mount  Rose,  and  the  Jungfrau. 

The  only  other  European  countries  which  have  official  maps  on 
exhibition  are  Servia,  with  sections  of  a map  of  the  state  on  scale 
1-75000  (that  of  the  Austrian  atlas),  by  its  major-general,  photolitho- 
graplied  in  colors,  contours  sepia,  woods  green , principal  roads  red; 
tolerably  good.  Russia  only  shows  a model  of  the  Caucasus.  The 
Republic  of  San  Marino  has  a good  MS.  map,  scale  1-10000,  with  contour 
lines  10  metres  apart.  The  Grand  Duchy  of  Luxemburg  contributes 
a good  topographical  map  on  scale  of  1-40000,  which  also  is  made  the 
base  of  several  special  exhibits,  such  as  geology,  forestry,  telephone 
service,  railroads,  and  archaeology. 

The  excellent  lithographed  maps  of  Holland  (scale  1-50000  and 
1-25000)  were  not  exhibited,  but  there  were  several  river  and  harbor 
charts  in  the  Dutch  section,  showing  proposed  improvements. 

Whatever  may  have  been  the  motive  of  European  governments  in 
withholding  their  national  surveys  from  the  Paris  Exhibition,  this 
policy  does  not  seem  to  have  been  applied  to  the  surveys  of  their 
colonies. 

Holland  has  a fine  atlas  of  her  East  India  possessions  in  14  sheets, 
with  special  maps  of  Java  and  Sumatra.  As  far  as  regards  England, 
though  neither  the  Ordnance  Survey  nor  the  Admiralty  Charts  were 
to  be  seen,  there  were  very  numerous,  partly  official,  maps  and  charts 
of  the  different  colonies,  especially  of  Xew  Zealand  and  Australia. 

Mexico  makes  but  a small  exhibition  of  maps,  though  she  has  un- 
doubtedly taken  great  pride  in  her  proper  representation  in  other 
respects.  There  is  but  one  section  exhibited  of  the  u Carta  de  la  Repub 
lica  Mexicano,”  by  the  u Comision  Geografico,”  under  the  Secretary  of 
War  (contour  lines  with  oblicpie  shading),  and  I could  not  ascertain  if 
there  were  any  more  in  existence.  The  general  map  of  Mexico  (scale 
1-2000000),  although  bearing  the  date  1887,  did  not  especially  recom- 
mend itself.  I have  seen  much  better  maps  of  Mexico  elsewhere. 

The  Hawaiian  Islands  have  a general  map,  u based  on  government 
surveys,”  by  S.  G.  Bishop,  1886,  and  special  maps  of  several  islands  by 
W.  D.  Alexander,  Surveyor- general  of  the  Hawaiian  Government  t 
survey.  « 

Japan  makes  a very  creditable  show.  There  are  exhibited,  besides 
numerous  geological  and  meteorological  charts,  the  following  maps  as  the 
result  of  her  geological  survey,  commenced  in  1880 : Two  reconnaissance 
maps,  scale  1-400000,  and  12  topographical  sectional  maps  with  hori- 
zontal contour  lines,  engraved  in  Tokio.  It  is  to  be  noticed  that  Japan  is 
following  an  American  custom.  Like  our  IT.  S.  Geological  Survey  and 
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many  of  tlie  State  geological  surveys,  it  is  publishing  principally  and 
primarily  topographical  and  geographical  maps  for  the  well-known 
reason  that  geological  surveys  without  good  topographical  and  geo- 
graphical surveys  and  maps  as  a basis  can  not  be  of  permanent  value. 

The  above  list  is  believed  to  complete  the  review  of  countries  which 
exhibited  the  results  of  regularly  organized  government  surveys.  On 
the  part  of  Brazil  and  many  of  the  Central  and  South  American  Repub- 
lics there  does  not  appear  to  be  a desire  manifested  to  shroud  their 
geography,  but  rather  the  contrary,  a desire  to  bring  it  into  the  most 
favorable  light,  and  several  of  these  countries  have  engaged  the  services 
of  eminent  French  artists  (engineer  geographers,  as  they  call  them 
selves),  members  of  the  Geographical  Institute  of  Paris,  to  paint  the 
walls  of  their  palaces  with  maps  of  their  respective  countries,  showing 
at  a glance  its  geographical  position,  its  shape,  and  general  features. 
Brazil , Chile  (also  with  3 historical  maps),  Venezuela , Bolivia , Nica- 
ragua■,  and  Honduras  are  shown  in  this  way.  The  Argentine  Republic 
has  adopted  a method  of  introducing  herself  to  public  notice  which  is 
more  novel  than  and  quite  as  effective  as  that  adopted  by  her  sister 
Republics,  by  exhibiting  a huge  model  made  as  a spherical  segment  on 
a scale  of  1-500000  (vertical  -scale  1-100000),  based  upon  the  geological 
examination  of  Drs.  Burmeister,  Brackebush,  and  other  explorers. 

The  United  States , in  their  cartographical  exhibit,  occupy  a position 
of  neutrality  between  monarchical  Europe  and  republican  America. 
They  have  sent  their  maps  to  Paris,  but  do  not  appear  to  be  over 
anxious  to  attract  attention.  After  having  repeatedly  looked  all  over 
the  space  allotted  to  the  United  States,  and  inquiring  from  attendant 
to  attendant  I did  not  succeed  in  finding  a single  Coast  Survey  chart, 
nor  a map  of  the  Geological  Survey  or  U.  S.  Engineer  map,  until  I 
engaged  the  attention  of  one  of  the  assistant  commissioners,  who 
showed  me  a case  in  a hidden  recess,  which  he  assured  me  was  filled 
with  such  maps,  but  which  in  no  possible  way  could  have  been  spread 
out  for  the  want  of  space. 

Models  of  proposed  canals  may  not  strictly  have  been  included  in  the 
line  of  inquiry,  but  since  they  furnish  such  an  attractive  feature  to  the 
Exposition  it  may  be  as  well  to  state  that  the  beautiful  Menocal  model 
of  the  projected  Nicaragua  Canal,  which  was  on  exhibition  here  in 
Washington  about  the  time  it  left  the  artist’s  hands,  was  in  successful 
operation,  as  also  were  two  models  of  the  Suez  Canal,  one  for  daylight 
and  the  other  showing  it  illuminated  by  light  houses  for  navigation  in 
the  night.  The  official  guide  books  had  also  provided  for  a model  of 
the  Panama  Canal,  but  it  could  nowhere  be  found. 

All  the  South  American  Republics  were  represented  at  the  Paris 
Exposition,  and  those  which  had  neither  models  nor  maps  frescoed  on 
the  walls  had  at  least  a general  map  suspended,  but  not  always  of  the 
best  types. 

Uruguay  had  two  maps;  one  by  Don  F.  A.  Berra,  1882,  and  another 
by  Angel  Carlos  Maggiolo. 
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Salvador , a map  “political,  escolar,  and  telegraphic,”  by  G.  J.  Daw- 
son, engraved  in  Paris,  1887. 

The  Republic  of  Colombia  had  official  maps  of  the  whole  state  and  of 
the  separate  provinces,  by  Manual  Ponce  de  Leon,  1864. 

Paraguay  had  a map  without  giving  the  author  or  date. 

Lastly,  Transvaal  (South  African  Republic)  had  a map  by  Fred. 
Jeppe,  1889. 

Part  II. — On  the  Different  Methods  used  in  the  Publication 
or  Reproduction  of  Maps  and  Charts. 

Before  entering  upon  the  subject  of  different  methods  used  in  car- 
tography, it  seems  proper  to  notice  as  germane  to  the  matter  some 
differences  between  the  methods  and  customs  followed  in  making 
topographic  surveys  by  the  IT.  S.  Coast  and  Geodetic  Survey  on  the 
one  hand  ana  European  governments  on  the  other. 

Linear  measure . — In  making  surveys,  it  is  the  custom  in  the  Coast 
Survey  to  make  use  of  the  French  metre  for  horizontal  distances  and 
of  the  foot  for  vertical  distances.  The  necessity  of  a constant  resort 
to  two  standards  which  are*  not  commensurable  is  not  a mere  incon- 
venience, but  an  actual  impediment,  detracting  from  the  accuracy  and 
rapidity  of  the  work.  It  would  nowhere  else  be  tolerated.  Since  it 
is  not  to  be  expected,  however,  that,  after  having  used  the  metre  since 
1817  for  all  our  geodetic  work,  we  shall  now  go  back  to  the  yard  at  a 
time  when  all  European  governments,  with  the  sole  exception  of 
England,  have  either  introduced  the  metre  or  are  perfecting  measures 
to  that  end,  it  is  to  be  hoped  that  at  some  not  very  distant  day  the 
metre  will  not  only  be  used  for  horizontal  measurement,  but  also  for 
that  of  the  height  of  the  land  and  the  depth  of  the  sea.  Such  is  now 
generally  the  practice  in  Europe;  in  the  flat  countries  contour  lines  are 
given  at  intervals  of  5 and  10  metres,  and  in  the  mountainous  coun- 
tries, like  Switzerland  and  Norway,  at  intervals  of  10  and  30  metres. 

Plane  of  reference. — In  the  Coast  Survey  it  is  the  custom  to  take  the 
high-water  line  as  the  datum  level,  and  to  determine  height  by  the 
plane  .table  by  vertical  angles.  In  Europe  all  heights  are  referred  to 
the  mean  level  of  the  sea,  and  no  plane-table  survey  is  undertaken 
unless  a sufficient  number  of  bench  marks  has  been  determined  by  a 
system  of  precise  leveling.  It  would  probably  be  considered  injudi- 
cious to  make  a change  in  our  rules  at  this  time  when  our  survey  is 
nearly  completed,  but  our  experience  in  executing  work  for  special  en- 
gineering purposes  is  such  as  to  warrant  the  belief  that  in  the  future, 
in  all  work  of  a critical  nature  where  a fraction  of  a foot  is  a consider- 
ation, and  for  all  work  which  shall  rigorously  comply  with  the  highest 
scientific  requirements,  the  effects  of  the  tide  will  have*to  be  eliminated 


604 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


from  the  levels,  and  the  sensitive  spirit  level  be  substituted  for  the 
alidade. 

Scale  of  plane-table  sheets. — The  experience  of  the  Coast  Survey 
through  a long  series  of  years  teaches  us  that  the  adopted  scales  for 
topographic  surveys,  viz:  1-10000  for  densely  populated  districts  or 
intricate  work,  and  one  1-20000  for  sparsely  inhabited  and  less  valua- 
ble sections  of  country,  are  the  very  best  which  can  be  devised.  In 
the  face  of  this  experience  it  is  rather  surprising  to  find  the  majority 
of  European  countries  using  the  very  small  and  rather  odd  scale  of 
1-25000  for  their  plane-table  surveys.  The  explanation  is  to  be  found 
in  two  circumstances,  the  first  of  which  relates  to  the  scale  of  publica- 
tion generally  either  1-50000  or  1-100000.  The  scale  of  1-25000  is  pre- 
ferred to  that  of  1-20000  because  much  stress  is  laid  upon  a simple 
ratio,  one-half  or  one  fourth  being  considered  more  intelligible  than 
one-fifth  or  two-fifths.  The  other  reason  for  the  retention  of  the  scale 
is  to  be  found  in  the  diminutive  size  of  the  European  plane-table  sheet; 
it  averages  about  17  by  20  inches,  while  in  the  Coast  Survey  sheets  30 
by  52  are  worked  on  with  the  greatest  facility.  The  desire  to  keep  the 
number  of  plane-table  sheets  within  reasonable  limits  may  also  prompt 
the  adoption  of  this  otherwise  inconvenient  scale.  It  takes  5 206 
plane-table  sheets  for  the  survey  of  the  German  Empire  alone.  If  the 
scale  were  to  be  increased  from  1-25000  to  1-20000  the  number  of 
sheets  would  be  swelled  to  over  8 000. 

Scale  of  publication. — The  European  governments  do  not  appear  to 
have  arrived  at  any  agreement  for  uniformity  in  the  scale  of  publica- 
tion of  their  topographical  surveys.  England  adheres  to  1-63360  for 
her  general  maps  ; France  has  adopted  1-50000  for  her  new  map  in 
place  of  1-80000 ; Germany  and  Switzerland  prefer  1-80000,  and  Austria 
1-75000.  For  the  coast  of  the  United  States  the  scale  of  1-80000 
was  selected  very  probably  for  the  reason  that  at  the  time  the  selection 
was  made  the  map  of  France  was  the  only  national  publication  in 
Europe  of  sufficient  merit  to  be  taken  as  a model.  However,  our  expe- 
rience with  this  scale  lias  not  been  unlike  that  of  France,  as  it  has 
been  found  too  small  for  the  preservation  of  all  the  detail  of  the  survey 
and  for  many  practical  purposes.  Thus  the  yrhole  of  the  coast  of  Maine 
had  to  be  reproduced  on  the  scale  of  1-40000,  and  there  are  harbor 
charts  published  on  a great  variety  of  scales  from  1-5000  to  1-60000. 
While  the  diversity  of  scales  can  not  well  be  avoided,  it  would  be  well 
to  follow  European  custom  by  abolishing  such  scales  as  1-50000  and 
1-60000,  and  to  confine  ourselves  to  the  use  of  simple  ratios,  say, 
1-40000,  1-20000,  1-10000,  etc. 

METHODS  OF  PRODUCTION  AND  REPRODUCTION  OF  MAPS. 

in  taking  up  the  subject  of  methods  of  map  production  in  connection 
with  the  Paris  Exposition,  it  may  be  just  as  well  to  set  at  rest  the 
question  that  has  been  put  and  answered  a hundred  times,  but  is  sure 
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to  come  up  again.  The  essence  of  this  question  may  be  stated  in  these 
words,  u What  is  the  use  of  going  to  an  exposition  to  look  at  maps 
that  you  can  see  at  home  in  your  library  ? ” When  you  look  at  a map 
in  a library  it  occupies  the  position  of  a client,  and  you  can  not  entirely 
free  yourself  from  the  prejudice,  but  when  you  look  at  the  same  map 
in  an  exhibition  you  divest  yourself  of  your  individual  opinion,  you 
act  as  an  umpire  and  reflect  the  general  opinion.  A good  map  never 
appears  to  better  advantage  than  when  on  exhibition,  and  a poor  map 
never  looks  worse  than  when  in  contrast  with  better  ones.  It  may 
also  be  stated  at  once  that  some  of  the  modern  processes  of  map- 
making did  not  have  their  proper  exponents  at  the  Exposition,  and 
therefore  much  information  had  to  be  sought  for  elsewhere. 

Copper  engraving. — With  all  the  great  advances  that  have  been 
made  within  the  last  few  decades  in  the  method  of  producing  maps,  the 
fact  stands  out  patent  that  nothing  has  yet  been  devised  that  will 
equal  a good  copper  plate  engraving.  For  this  reason  the  most  re- 
spectable establishments  go  on,  as  heretofore,  and  have  their  best 
maps  engraved  on  copper,  and  although  a great  deal  is  said  about  the 
scarcity  of  engravers,  I have  not  learned  that  either  the  British  Ad 
miralty  or  the  U.  S.  Coast  and  Geodetic  Survey,  both  of  which  carry  on 
very  extensive  operations  of  this  kind,  have  been  seriously  embar- 
rassed on  this  score.  The  cost  of  the  material  need  not  be  taken  into 
consideration  at  this  time,  when  copper  is  so  cheap  as  to  be  substituted 
to  a large  extent  for  iron  and  tin  for  common  building  purposes.  The 
advantages  of  copper  engraving,  besides  the  superior  elegance,  are  its 
durability  and  the  facility  with  which  corrections  and  duplicates  may 
be  made,  and  its  only  serious  disadvantage  is  the  greater  expense  of 
printing. 

Heliogravure. — When  the  Austrian  Government,  in  1875,  emerged 
from  the  field  of  experiment  and  commenced  the  publication  of  its 
atlas  of  720  sheets  by  heliogravure  instead  of  by  hand  engraving,  an 
undertaking  which  I believe  has  since  been  carried  to  a successful  con. 
elusion,  not  a few  people  were  of  the  opinion  that,  on  account  of  its 
great  saving  in  time  and  money,  it  would  in  a great  measure  supersede 
the  old-fashioned  style  of  hand  engraving.  The  late  Dr.  A.  Petermann, 
as  appears  by  a contribution  to  his  Geogr.  Mittheilungen,  written 
shortly  before  his  death,*  seems  especially  to  have  taken  quite  an  en- 
thusiastic view  of  the  future  of  heliography,  but  we  find  after  a lapse  of 
over  ten  years  that  it  has  not  made  much  headway.  The  Prussian  Gov- 
ernment, after  making  some  experimen  ts,  wisely  determined  to  go  on  with 
hand  engraving,  and  even  at  Gotha  I could,  not  learn  that  any  of  the 
engravers  had  been  pensioned  and  draughtsmen  substituted  for  them, 

*See  Petermann’s  Geogr.  Mittheilungen,  1878,- pp.  205  to  210, 
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and  SteilePs  Atlas  is  still  engraved  on  copper,  as  heretofore.  The 
fact  appears  to  be  that  the  Austrian  Government  took  to  heliogravure 
more  from  necessity  than  from  choice ; it  had  allowed  copper  engraving 
to  fall  into  decadence,  instead  of  nursing  it,  and  in  its  stead  raised  an  ex- 
cellent corps  of  topographical  draughtsmen.  Dr.  Petermann  estimated 
the  relative  expense  of  engraving  and  heliogravure  as  4 to  1,  and  I do 
not  think  that  he  exaggerated  the  difference,  but  what  could  be  done 
in  Austria  may  not  be  done  as  well  elsewhere.  Where  will  you  get 
the  requisite  number  of  draughtsmen  who  can  draw  as  sharply  as  an  en 
graving  and  will  not  require  at  least  as  good  pay  as  an  engraver? 
And  what  if  they  spoil  the  job,  not  to  mention  all  the  uncertainties  of 
chemical  and  optical  action?  The  great  defects  of  heliogravure  are 
common  to  all  patent  processes  intended  as  substitutes  for  engraving. 
Drawing  never  is  equal  to  an  engraving,  and  the  heliogravure  of  a 
drawing  never  excels  and  rarely  equals  the  original.  The  great  trouble 
is  with  the  faint  lines,  which  Avill  not  come  up  as  well  as  the  heavy 
ones,  and  for  this  reason,  even  in  Austria,  all  outlines,  water  lines,  and 
straight  lines  are  cut  in  by  hand. 

Zinc  engraving. — About  the  only  advantage  ziuc  has  over  copper  for 
engraving  purposes  is  its  greater  cheapness.  In  every  other  respect  it 
is  inferior.  Its  texture  is  crystalline,  it  is  brittle,  and  for  this  reason 
it  will  never  be  a favorite  with  the  engraver,  who  calls  it  a rotten  metal, 
and  will  charge  more  for  work  on  it  than  on  copper.  At  the  French 
War  Department  the  new  map  of  France,  on  scale  of  1-50000,  is  'em 
graved  on  zinc  for  six  colors  on  950  sheets,  which  alone  requires  5 700 
plates.  In  order  to  insure  the  proper  registering  of  the  six  plates  for 
each  sheet,  all  the  outlines,  except  the  contour  lines,  whether  intended 
to  be  black , blue , green , or  red,  are  engraven  on  one  zinc  plate  and  trans- 
ferred to  the  respective  color  plates  by  dry  prints.  The  engraving 
appears  to  be  quite  well  done,  but  this  is  no  reason  why  zinc  engraving 
should  be  recommended  to  other  establishments.  The  French  have 
their  engravers  trained  to  the  metal;  the  work  is  exceedingly  plain, 
and  its  only  advantage  is  the  greater  cheapness  of  zinc  compared  with 
copper,  while  it  has  the  disadvantage  that  it  can  not  be  manipulated 
as  well  by  the  engraver,  and  that  corrections  can  not  be  made  as  easily 
and  repeatedly  as  on  copper. 

Lithography. — Since  the  advent  of  photolithography  the  lithograph- 
ing of  maps  has  greatly  fallen  into  disuse,  and  the  only  reason  that  it 
is  still  carried  on  to  some  extent  in  Europe,  notably  in  the  reproduc- 
tion of  the  plane-table  sheets  of  the  Swiss  and  Prussian  surveys,  is 
the  fact  that  there  are  an  abundance  of  good  lithographers  at  hand 
and  a corresponding  want  of  equally  good  draughtsmen;  and,  further- 
more, the  objection  that  these  governments  do  not  wish  to  change  the 
plans  of  great  national  undertakings  while  under  progress  of  success- 
ful execution. 

The  reason  why  the  lithographing  of  maps  is  still  persevered  in  by 
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some  private  establishments  is  the  fact  that  much  lithographing  is 
done  for  commercial  purposes,  blanks,  bill  heads,  etc.,  and  the  engrav- 
ers may  better  devote  their  sp^tre  time  to  map-engraving  than  to  idle- 
ness. The  great  objection  to  lithography  for  map -engraving  is  its 
perishable  nature  and  the  difficulty  of  making  corrections.  Although 
it  is  not  a subject  of  emulation,  it  is  a fact  that  some  of  the  finest 
atlases,  like  those  of  the  Netherlands,  have  been  engraved  on  stone, 
and  it  will  forever  remain  a subject  of  great  regret  to  the  enthusiast  in 
cartography  that  such  a fine  monument  of  a model  topographical  sur- 
vey as  that  of  the  former  electorate  of  Hesse-Oassel  should  have  been 
engraved  on  stone  instead  of  on  copper.  Even  if  it  should  be  possible 
to  preserve  these  stones  in  good  condition  for  an  infinite  time,  they 
are  too  cumbersome  and  expensive  to  warrant  the  experiment. 

Photolithography. — The  introduction  of  photolithography,  about 
twenty  years  ago,  for  the  reproduction  of  maps,  has  wrought  quite  a 
revolution  in  the  practice  of  cartography.  The  possibility  of  having 
it  in  one’s  power  to  have  any  map,  in  fact  any  drawing,  reproduced  in 
any  desirable  number  of  prints,  or  any  desired  scale,  nearly  equal  to 
the  original,  at  the  shortest  notice  and  at  small  expense,  is  the  great 
achievement  of  photolithography.  At  the  time  when  nearly  all  cheap 
maps  were  lithographed,  the  drawings  were  hardly  ever  made  with  the 
finish  which  they  were  expected  to  receive  from  the  hands  of  the  en- 
graver, and,  as  a consequence,  too  much  was  generally  left  to  the 
judgment  of  the  engraver,  and  errors  crept  in  which  it  was  difficult  to 
correct  upon  the  stone.  Now,  with  photolithography  the  mental  work 
is  all  done  by  the  draughtsmen,  as  it  should  be,  and  the  mechanical 
part  only  by  the  artist.  Another  great  advantage  of  photolithography 
lies  in  the  fact  that  the  originals  can  be  kept  without  expense  and  be 
corrected  and  reprinted  whenever  required.  Some  of  our  progress 
sketches  have  in  this  way  been  corrected  and  reprinted  for  more  than 
ten  consecutive  years  without  any  injury  to  the  drawings.  A stone 
would  not  bear  such  repeated  corrections,  and  would  represent  a dead 
capital  whenever  not  in  actual  use.  It  must  not,  however,  be  supposed 
that  photolithographing  maps  is  an  easy  matter.  „ In  order  to  obtain 
the  proper  scale  and  dimensions,  and  to  get  the  photograph  properly 
developed,  a fine  apparatus,  great  skill  and  experience  are  required; 
all  matters  in  which  different  methods  and  practices,  usually  regarded 
as  secrets  of  trade,  prevail.  There  are  a number  of  establishments 
in  this  country,  that  are  not  surpassed  by  those  abroad,  which  pay 
especial  attention  to  the  photolithographing  of  maps,  and  give  the 
greatest  satisfaction  to  the  several  branches  of  the  Government  from 
which  they  find  extensive  employment. 

Transfers  on  stone  and  zinc. — Whenever  large  editions  of  a map  are 
required  and  great  delicacy  is  not  a consideration,  it  has  been  the  cus- 
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tom,  in  order  to  save  time  and  expense,  to  print  copper  and  stone 
engravings  from  transfers  on  stone.  The  French  print  their  new  map 
of  France  in  six  colors  and  their  map  of  Algiers  in  seven  colors,  en- 
graved on  zinc  and  from  transfers  on  zinc.  The  French  appear  to  be 
altogether  inclined  to  do  too  much  cheap  printing  from  zinc  transfers. 
While  they  even  place  in  the  market  cheap  zinc  transfer  prints  of  their 
fine  map  of  France,  engraved  on  copper,  the  German  Government  only 
sells  proofs  from  type  plates.  When  it  is  taken  into  consideration  that  to 
have  the  new  map  of  France  always  ready  for  the  printer  would  require 
5 700  separate  stones,  which  would  not  only  represent  a very  respect- 
able investment,  but  would  also  demand  a very  large  storeroom  and 
prove  a most  unwieldy  mass  of  material,  we  can  appreciate  the  good 
judgment  of  the  French  in  substituting  zinc  plates,  all  of  which  can  be 
encompassed  in  a closet  of  moderate  dimensions,  always  ready  and  con- 
venient for  use.  A great  deal  may  be  said  against  the  employment  of 
many  colors,  and  the  French  may  be  said  to  have  quite  reached  the 
limit  of  artistic  propriety  and  to  have  gone  more  than  half  way  to  meet 
popular  indolence.  The  employment  of  three  colors — black,  blue,  and 
brown  or  red — may  be  considered  quite  sufficient  to  facilitate  the  read- 
ing of  a map;  still,  the  same  objection  against  the  use  of  stones  for 
printing  even  with  the  few  colors  holds  good,  and  it  is  rather  a matter 
of  surprise  that  the  French  have  no  followers  in  this  practice.  As  long 
as  our  Government  has  no  establishment  of  its  own  for  printing  by 
transfer,  it  can  only  be  a matter  of  indifference  whether  this  printing 
is  done  from  stone  or  zinc  if  it  is  properly  served  by  private  firms. 
Some  private  firms  do  a good  deal  of  cheap  printing  from  zinc  plates, 
especially  crayon  work,  but  are  disposed  to  speak  disparagingly  of 
the  use  of  zinc  for  map-printing.  There  maybe  some  prejudice  against 
the  employment  of  zinc  by  lithographic  printers  on  financial  grounds, 
by  reason  of  a.  large  capital  invested  in  stones,  yet  it  remains  true 
that  transfers  on  stone  are  finer  and  in  every  way  superior  to  those 
on  zinc  for  maps  and  line  work,  because  the  zinc,  for  the  manipu- 
lation, requires  a grain  which,  however  fine,  interferes  with  the  sharp- 
ness of  the  lines.  The  difficulty  or  impossibility  of  making  correction 
on  transfers  on  zinc  also  operates  against  its  employment  for  maps  or 
chart  printing.  There  may  be  emergencies,  such  as  happen  in  times 
of  war,  when  it  is  desired  to  obtain  the  greatest  possible  number  of 
prints  at  the  shortest  notice  and  when  the  compliance  with  specifica- 
tions by  which  time  is  lost  is  suspended ; those  would  appear  to  be  the 
occasions  when  printing  from  zinc  transfer  would  be  in  order. 

It  may  be  mentioned  in  this  connection  that  the  U.  S.  Geological 
Survey  had  the  subject  of  zincography,  as  practiced  by  the  French 
War  Department,  brought  to  its  attention,  but  after  carefully  investi- 
gating the  subject  in  all  its  bearings,  concluded  to  defer  action  and  go 
on  in  the  old  style  of  engraving  on  copper  for  three  colors  and  printing 
by  contract  from  transfers  to  stone. 

No  special  reference  is  made  to  the  process  of  photozincography  as 
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practiced  by  the  English  Ordnance  Office,  because  it  is  only  applied  in 
the  production  of  parish  plans  on  the  very  large  scale  of  1-2500.  Nor 
shall  I attempt  any  description  of  the  several  processes  of  photograv- 
ure, zincography,  and  photolithography,  as  practiced  at  Vienna,  Paris, 
and  Southampton,  because  such  descriptions  by  a nonprofessional  do 
not  amount  to  much,  and  no  secret  is  made  of  their  methods  by  the 
several  governments  and  all  desirable  information  is  always  cheerfully 
furnished. 

After  a review  of  the  principal  methods  of  producing  and  multiply- 
ing maps  I arrive  at  the  conclusion  that  about  the  same  condition  of 
things  exists  therein  as  in  surveying,  where  there  is  no  such  thing 
known  as  a universal  instrument,  or  one  that  would  serve  all  purposes 
equally  well,  but  where,  under  certain  conditions  and  for  certain  pur- 
poses, there  is  always  some  particular  instrument  or  some  instrument 
of  peculiar  construction,  which  deserves  preference.  In  a similar  way  I 
find  that  there  is  no  one  method  of  map  production  that  could  be  rec- 
ommended for  general  adoption,  but  that  each  method  has  its  merits 
and  defects. 


LETTER  FROM  MR.  F.  C.  DONN,  DRAUGHTSMAN. 

Your  letter  of  January  25  has  been  received  with  inclosed  copy  of 
memorandum  of  the  Superintendent’s  suggestions,  and  invitation  to 
send  to  your  Conference,  in  writing,  any  comments  thereon  that  may 
seem  appropriate. 

Thanking  the  Conference  for  the  courtesy  so  extended,  I beg  leave  to 
say,  that  having  been  out  of  the  field  since  1878,  excepting  several 
short  intervals,  I have  not  informed  myself  concerning  improvements 
in  instruments  and  methods  of  work. 

Principally  occupied  in  hydrographic  draughting,  but  few  topo- 
graphical sheets  have  been  examined  or  studied.  Those  which  have 
come  under  my  notice,  however,  have  convinced  me  that  a number  of 
improvements  might  be  made  by  the  topographer  in  the  direction  of 
conventional  signs.  Of  course  the  topographer  who  makes  the  survey 
and  inks  his  own  sheets  has  no  difficulty  in  the  matter,  as  every 
feature  will  be  present  in  his  mind,  but  when  it  is  remembered  that 
few  draughtsmen  are  topographers,  I think  every  detail  of  the  work 
should  be  so  represented  when  the  sheet  is  finished  that  any  draughts- 
man would  be  able  to  make  a copy  with  absolute  certainty  as  to  the 
meaning  intended. 

I will  state  briefly  some  of  the  difficulties  experienced. 

High-water  lines  should  be  continuous,  but  in  some  cases  they  are 
lost  or  covered  up  by  other  features.  These  lines  should  he  the  most 
prominent  feature  of  a sheet  and  their  position  never  doubtful. 

H.  Ex.  43,  pt.  2—39 
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The  line  separating  the  highland  from  the  marsh  is  variously  repre- 
sented by  a continuous  line,  a dotted  line,  or  by  a continuous  line  with 
short  hachures  at  right  angles  to  it,  by  lone  hachures  or  ends  of  the 
parallel  lines  significant  of  marsh  areas.  The  continuous  line  is  often 
mistaken  for  that  of  high  water,  especially  when  creeks  intersect  the 
marsh.  This  making  of  marsh  boundaries  should  be  represented  in 
such  manner  as  would  prevent  the  possibility  of  mistaking  them  for  the 
shore  or  high-water  line. 

Salt  and  fresh  water  marshes  in  many  cases  can  not  be  distinguished 
apart. 

Contours  cause  a great  deal  of  trouble  because  too  few  heights  are 
given.  In  the  case  of  blufis  or  steep  slopes  when  the  curves  merge 
into  them,  it  is  difficult  to  fix  the  heights  of  the  crests.  In  minus 
curves  or  curves  of  depression  the  conventional  sign  is  very  frequently 
omitted.  The  elevation  of  such  D curves  should  be  indicated  to  pre- 
vent the  possibility  of  confusion  or  uncertainty. 

These  instances  are  taken  from  practical  knowledge  of  the  difficulties 
under  which  draughtsmen  labor ; the  sheets  containing  them  are  of 
recent  surveys. 

These  points  may  have  already  been  brought  to  the  notice  of  the 
Conference,  and  if  so,  one  more  witness  from  the  draughtsman’s  side 
may  give  emphasis  to  the  matter. 

If  I may  be  permitted  to  make  a suggestion,  I will  say  that  the 
office  will  be  more  efficiently  served  if  each  topographical  draughts- 
man could  have  a season  or  two  in  the  field  work  in  sections  which 
afforded  him  the  largest  opportunity  to  study  characteristic  features, 
under  the  direction  of  some  skillful  topographer  of  the  Survey. 


Supplement  B. 


THE  TOPOGRAPHY  OF  THE  COAST  AND  GEODETIC  SURVEY,  WITH  RELA- 
TION TO  ITS  DEVELOPMENT  AND  FURTHER  POSSIBLE  DIFFERENTIA- 
TION, WITH  A CONTRIBUTION  THERETO  OF  A DESCRIPTION  OF  A 
PRACTICABLE  METHOD  OF  BALLOON  SURVEYING. 

[By  Assistant  R.  M.  Bache.] 

The  topic  which  I here  beg  leave  to  present  to  my  fellow  members 
of  this  Conference,  and  crave  for  it  their  careful  consideration,  is  that 
of  topography,  regarded  in  its  broadest  and  also  in  some  of  its  minutest 
aspects,  beginning  with  its  evolution  on  the  Coast  Survey.  In  attempt- 
ing to  present  you  with  this  view  of  inception,  progress,  and  final 
accomplishment,  I bring  to  bear  an  experience  since  my  boyhood, 
which  experience  necessarily  includes  that  of  others  as  well  as  my  own, 
digested  finally  m my  mind,  all  bound  up  in  clear  recollection  bf  the 
phases  through  which  observation  of  others  and  personal  effort  have 
brought  to  me  firm  conviction  upon  the  points  upon  which  I purpose 
to  enlarge. 

Inasmuch  as  the  development  of  accurate  and  elaborate  topography 
is  a product  almost  confined  within  the  present  century,  it  will  not  be 
necessary,  in  the  customary  way  of  exhaustive  discussions  of  a subject, 
to  go  back  to  the  flood,  when  the  dove,  as  assistant  topographer, 
brought  in  a sketch  of  the  condition  of  the  earth’s  surface,  followed 
soon  by  Noah’s  first  survey  of  the  summit  of  Mount  Ararat. 

Referring  simply  to  this  country,  where  elaborate  topographical 
methods  and  performance,  partly  of  native  and  partly  of  foreign  incep- 
tion, have  reached  so  high  a degree  of  excellence  as  at  present,  not 
excelled  at  any  time  abroad,  and  that  within  so  limited  a period  as 
within  the  century,  I would  first  of  all  call  attention  to  the  circum- 
stance of  evolution  everywhere  of  extended,  fine  topography  being 
almost  confined  within  that  limited  period.  Naturally  it  had  to  wait 
for  geodetic  triangulation.  Next,  it  is  to  be  particularly  noted  that  the 
first  piece  of  extended,  accurate,  and  elaborate  topography  in  this 
country  was  that  executed  by  my  father,  Capt.  Hartman  Bache,  then  of 
the  Topographical  Engineers,  IT.  S.  A.,  between  the  years  1821-’25, 
several  years  before  the  Coast  Survey  was  in  effective  operation. 
Comparatively  crude  as  it  was  in  graphical  presentation,  as  compared 
with  later  similar  work,  for  at  that  time  conventional  signs  were  very 
unsettled,  the  map  which  was  the  product  of  that  survey,  taking  in 
Charleston  harbor  and  city,  South  Carolina,  including  hydrography  as 
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well  as  topography,  and  extending  inland  much  beyond  the  future 
work  of  the  Coast  Survey,  was  accurate  to  a degree  seldom  equaled 
and  never  excelled  for  its  scale,  as  in  the  course  of  Coast  Survey  work 
I subsequently  had  the  means  of  ascertaining,  and  as  was  similarly 
testified  to  by  Army  and  Navy  officers  during  the  war,  when  they  had 
occasion  repeatedly  to  refer  to  the  work  in  connection  with  military 
operations  near  Charleston. 

Some  twenty-five  years  after  the  execution  of  this  work,  when,  as  a 
mere  boy,  with  scarcely  any  experience  of  topography,  I was  present 
at  a conversation  between  Capt.  (then  Major)  Bache,  and  our  chair- 
man, Mr.  Whiting,  then  my  chief,  who,'  young  as  he  was,  was  in  pro- 
ficiency even  then  the  Nestor  of  topography  on  the  Coast  Survey,  I 
heard  on  the  one  hand  the  latter  speak  in  the  most  complimentary 
terms  of  the  excellence  of  that  Charleston  survey,  and  the  former,  on 
the  other  hand,  deplore  that  at  the  period  concerned  he  had  not  had 
the  facility  for  topographical  work  that  the  plane-table  affords. 

I do  not  intend  to  imply  by  what  has  been  said  that  this  Charleston 
work  was  executed  single-handed  by  Capt.  Hartman  Bache.  On  the  con- 
trary, as  I am  speaking  to  the  point,  first  of  all,  of  the  evolution  of  topog- 
raphy in  this  country,  I wish  it  to  be  clearly  understood  that  he  had 
as  assistants  with  him  several  officers ; for  the  operations  of  the  Topo- 
graphical Engineers  then,  like  those  of  the  Engineers  now,  and  alwajs, 
were  conducted  on  a generous  s^ale  of  life  for  educated  men.  The  junior 
officers,  as  assistant  topographers,  were  Lieuts.  James  D.  Graham,  C. 
M.  Eakin,  and  W.  M.  Boyce,  all  belonging  to  the  Topographical  Engi- 
neers. They  were  well  grounded  in  the  principles  of  accurate  work, 
and  Eakin,  who  with  Boyce  afterwards  went  on  the  Coast  Survey,  was 
a born  topographer,  for  the  topographer,  like  the  poet,  is,  as  you  know, 
practice  in  his  art  aside,  born,  not  made.  Eakin  coming,  through  his 
advent  upon  the  Coast  Survey,  upon  its  accepted  topographical  instru- 
ment, the  plane-table,  did  not  for  the  future  labor  under  the  disadvan- 
tage which  Maj.  Bache  had  regretted  in  his  own  behalf.  He  did  admir- 
able work  with  that  instrument,  and  being  well  instructed  in  its  em- 
ployment, his  pupil,  our  present  chairman,  took  a much  higher  flight 
than  he  in  excellence,  producing,  with  his  singular  aptitude  for  the 
plane-table  and  topography,  maps  that,  within  their  individual  scales, 
never  can  be  excelled  in  effective  graphical  delineation  of  ground. 

In  what  I have  said  there  is  no  disparagement  of  the  foreign  topog- 
raphers who  came  in  with  Mr.  Hassler  as  Superintendent  of  the 
Survey.  They  worked  according  to  the  general  requirements  of  a 
period  when  funds  were  lacking  and  large  areas  had  to  be  hastily  covered 
to  make  a show  of  production,  upon  w&ich  the  very  life  of  the  Survey 
hung.  The  standard  of  accuracy,  moreover,  even  among  surveyors 
and  engineers,  was  then  much  lower  than  at  present.  They  worked 
up  to  the  general  requirements  of  their  day ; few  men  ever  do  more. 
The  particular  set  of  men  who  did  more  than  that  I have  mentioned, 
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and  my  conviction,  from  having  in  the  field  touched  upon  the  earliest 
work  of  both  native  and  foreign  topographers  in  this  country,  is  that 
the  palm  of  excellence  is  due  to  the  former  for  accuracy  and  elegance 
in  topography,  finally  permeating  the  whole  of  that  sphere  on  the 
Coast  Survey,  and  that,  foremost  of  the  men  to  whom  that  result  is 
due,  and  without  whose  impress  it  is  questionable  if  the  topography  of 
to-day  would  stand  as  high  as  it  does,  was  our  honored  chairman, 
Henry  L.  Whiting. 

It  follows,  as  a legitimate  inference  from  the  point  upon  which  I 
first  of  all  dilated,  that  I deem  the  modernized  plane-table  the  best 
topographical  instrument  extant.  I say  more,  that  it  is  the  best 
topographical  instrument  possible,  for  the  simple  reason  that  it  com- 
bines the  office  with  the  field;  that  whereas  the  field-transit  entails 
the  maximum  of  elaborate  notes,  and  the  maximum  of  precise  sketch- 
ing, and  not  only  renders  it  possible  and  certain  that  discrepancies 
will  manifest  themselves  eventually  in  plotting,  even  when  the  greatest 
care  has  been  taken  in  the  field,  and  also  that,  to  obtain  final  results, 
there  must  be  a great  expenditure  of  time,  its  final  product  for 
elaborate  surveys  (and  we  are  supposed  to  be  speaking  only  of  those 
at  present)  is,  as  compared  with  that  of  the  plane  table,  at  best  bald 
and  skeleton-like,  unless  play  be  given  to  the  imagination,  which 
should  have  no  part  in  topographical  delineation,  save  in  the  accept- 
ance and  artistic  treatment  of  conventional  signs. 

It  follows,  if  what  I have  asserted  of  the  plane-table  as  compared 
with  other  topographical  instruments  be  true,  that  its  performance  in 
given  hands  is  the  most  crucial  test  of  the  expertness  of  a topographer. 
Every  case  in  topography  is,  as  you  know,  a special  case,  from  the 
determination  of  the  individual  station,  through  the  details  that  shall 
be  obtained  from  a particular  station,  through  the  whole  succession  ot 
stations  which  in  sum  produce  a survey;  which  include  in  their  en- 
tirety the  best  mode,  in  generals  and  particulars,  of  attacking  the 
ground.  Back  of  the  choice  of  a particular  instrument  for  topography 
lies  for  good  work  the  determination  of  the  question  of  the  scale  to  be 
adopted  for  a certain  map,  a question  too  often  neglected.  It  should, 
nevertheless,  be  obvious  that  the  scale  to  be  adopted  is  properly  de- 
terminable only  upon  the  basis  of  the  previously  settled  question  as  to 
the  exact  purpose  of  the  survey.  It  is  as  preposterous  to  adopt  a 
scale  tod  large  for  the  precision  and  elaboration  to  be  devoted  to  a 
map,  as  it  is  to  adopt  one  too  small  for  the  precision  and  elaboration 
desirable.  In  any  event,  however,  whether  the  scale  be  well  or  ill 
chosen  for  a given  purpose,  the  plane  table  remains  paramount  as  the 
instrument  of  instruments  for  topography  on  any  scale. 

But  in  saying  this  I do  not  mean  to  imply  that  the  plane-table  may 
not  employ  useful  accessories,  however  skillfully  it  may  be  managed. 
Although  it  is,  in  its  modernized  form,  virtually  perfect  for  its  purpose, 
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I can  not  but  think  that  some  useful  accessories  to  it  have  not  been 
sufficiently  employed.  In  its  capacity,  through  easy  angling  upon  or 
telemetering  to  subsidiary  objects,  to  determine  them,  nothing  can 
be  conceived  as  affording  greater  facilities  for  all  horizontal  work.  To 
some  degree,  through  the  arc  of  its  alidade,  by  means  of  which  we 
can,  for  moderate  scales  and  over  small  regions,  obtain  elevations  with 
sufficient  accuracy,  it  compasses  the  determination  of  heights,  and  to 
some  degree  also  it  may  be  used,  through  its  modernized  alidade,  as  a 
leveling  instrument,  although  that  method  of  leveling,  involving  the 
use  of  the  whole  heavy  instrument,  does  not  in  practice  lend  itself 
favorably  to  the  execution  of  extended  leveling.  I was  therefore 
driven,  early  in  my  experience  on  the  Survey,  believing,  as  I did,  that 
our  vertical  work  in  topography  was  unduly  below  in  accuracy  the 
standard  of  our  horizontal  work,  to  employ  special  leveling  instru- 
ments of  a greater  or  less  degree  of  precision,  as  the  case  might  seem 
to  require.  About  1853  I exhibited  to  Prof.  A D.  Bache  a hand  level 
(Locke’s)  which  I had  used  for  a short  time,  in  whose  working  he  took 
great  interest,  trying  it  with  me  out  of  a hotel  window  in  Savannah, 
Ga.  Contemptible  as  the  instrument  is  as  one  of  precision,  it  yet 
serves  admirably  as  an  accessory  to  plane-table  work  in  a hilly  country, 
and  at  any  rate,  I judge,  from  the  evident  ignorance  at  that  time  of 
Prof.  Bache  about  the  instrument,  that  1 had  the  honor,  such  as  it  is, 
of  introducing  it  upon  the  Survey,  where  it  has  proved  useful,  and 
indeed  sometimes,  in  careful  hands,  performs  beyond  what  one  might 
expect  of  it,  as  Prof.  James  D.  Dana  once  proved  to  me,  by  showing 
me  the  results  of  a line  of  levels  which  he  had  run  Avith  it  between 
points  of  which  I had  obtained  the  elevation  by  regular  spirit-level 
determination. 

The  measure  which  I should  like  to  see  adopted  for  fine  vertical  work 
in  hilly  country,  in  conjunction  with  scales  not  exceedingT-5000,  would 
be  the  general  introduction  of  the  spirit  level  for  the  production  of 
critical  points  of  precision  at,  say,  the  moderate  limits  of  half  a mile 
apart,  over  the  whole  area,  and  of  the  niveau  Mean,  the  French  water 
level,  wherever  desirable  within  those  limits.  Just  as  our  delineation 
of  all  horizontal  features  of  a country  depends  primarily  upon  the 
establishment  of  critical  points,  supplemented  when  required  by  tan- 
gents, so  the  vertical  delineation  of  the  same  country  should  be 
made  commensurate  in  accuracy  with  its  horizontal  delineation,  by 
means  of  the  establishment  of  critical  points  of  reference  for  elevation. 
My  method  of  accomplishing  this'  to  the  best  advantage,  in  a case 
which  required  special  precision,  although  the  scale  was  only  1-10000 
(for  the  survey  was  for  minute  geological  purposes),  was  by  running 
some  approximately  parallel  lines  of  spirit  leveling  through  a nearly 
square  area  ol  about  100  square  miles,  tying  on,  where  facility  offered, 
intermediately  to  their  terming  and  then  supplementing  with  other 
levels  within  the  areas  circumscribed,  by  means  of  the  niveau  (Teau , 
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which  I have  had  constructed  with  simple  gas  pipe  and  elbows,  the 
whole  instrument  with  its  tripod  not  weighing  over  5 pounds.  With 
this  rapidly-working  instrument  one  can  run  a mile  of  levels  with  a 
probable  error  not  greater  than  two  or  three-tenths  of  a foot,  far 
within  any  necessity  of  scale.  Within  four  years  an  official  of  St. 
Louis,  Mo,  who  was  my  assistant  there  during  the  war,  when  I made 
a survey  from  St.  Louis  to  Oarondelet  several  miles  below  on  the 
Mississippi,  wrote  me  that  the  aforesaid  work  remained  to  that  day 
the  best  authority  that  the  city  possessed,  whereas  the  work  above  it, 
with  which  mine  joined,  executed  without  any  system  of  leveling,  was 
entirely  worthless  to  the  city.  Yet  the  niveau  d’eau  was  the  sole 
leveling  instrument  used,  carrying  elevations  accurately  over  several 
miles. 

There  is  another  instrument,  useful  as  an  accessory  to  plane-table 
work,  which  I should  not  omit  to  mention  because  it  happens  to  be  of 
my  own  invention.  This  is  merely  a telemeter,  reenforced  on  its  back 
by  a strip  of  wood,  to  stiffen  it,  and  supported  on  a vertical  stanchion, 
from  which  it  is  detachable,  and  on  which  it  can  be  revolved  by  the 
sketcher  in  the  bow  of  a boat.  It  is  graduated  to  5 metres,  and  can 
be  read  intermediately  to  1,  for  a distance  of  300  metres,  or,  of  course, 
by  doubling  up,  to  a distance  of  600.  For  all  calm  waters,  with 
margins  upon  which  it  is  impracticable  to  stand,  for  all  shores  covered 
with  high  reeds,  nothing  can  take  its  place.  When  I look  back  to  the 
time  lost  in  former  years  in  placing  tags  on  withes,  and  then  determin- 
ing tbeir  position,  under  the  difficulties  sometimes  of  special  stations 
for  the  purpose,  the  facility  with  which  I have  long  been  able  in  such 
places,  with  the  assistance  of  a good  sketcher,  to  sweep  in  a large  area 
with  perfect  accuracy  has  been  quite  delightful.  In  such  places  the 
expenditure  of  time  and  trouble,  as  experienced  in  the  general  method 
of  obtaining  them,  is  reduced  by  comparison  to  nothing. 

Speaking  of  material  things  as  useful  accessories  to  plane-table 
work  should  not  lead  to  forgetting  that  the  service  of  at  least  one  good 
sketcher,  preferably  two,  is  a most  useful  adjunct  to  the  work  of  the 
chief  of  a topographical  party,  whose  general  presence  at  the  instru- 
ment, as  the  focus  of  operations,  is  indispensable  to  the  execution  of 
the  most  rapid,  consistently  with  its  being  the  best  work.  This  class 
of  men  has  not  been  sufficiently  fostered  on  the  Survey.  Represented 
by  individuals  who  assist  like  “ hands,”  carrying,  pulling  an  oar,  etc., 
it  only  needs  that  their  moderate  pay  he  made  continuous,  and  that 
they  be  transported  from  place  to  place,  to  secure  a class  of  men  as  a 
part  of  the  personnel  of  the  Survey,  that  would  add  immensely  to  the 
relief  of  chiefs  of  topographical  parties  and  prove  of  advantage  in  the 
economical  production  of  work. 

I mentally  admit  in  my  scheme  for  improving  the  art  of  topography 
the  largest  range  in  actual  practice.  I begin  always,  as  I have  said, 
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with  the  question,  of  the  purpose  of  the  particular  survey  in  contem- 
plation, upon  which  depends,  as  I have  also  said,  the  determination  of 
the  scale  which  should  be  adopted.  Upon  the  scale  adopted  for  it,  in 
turn,  should  depend  the  greater  or  less  attempted  elaboration  of  both 
horizontal  and  vertical  work.  A map  may  legitimately  be  on  a scale 
so  small  as  to  preclude  detail  to  a degree  that  necessarily  makes  of  it 
a sketch  in  character,  but  one  can  not  legitimately  be  on  a scale  so 
large,  with  reference  to  actual  elaboration,  as  to  profess,  while  in  fact 
virtually  a sketch,  to  be  accurate  and  comprehensive  up  to  the  capacity 
of  its  scale;  and  yet  that  is  exactly  what  every  large  scale  map,  with- 
out corresponding  accuracy  and  fullness,  and  without  qualifying  notes, 
falsely  professes  to  be.  In  a word,  the  being  in  fact  that  which  a map 
on  its  face  professes  to  be,  is  indispensable  truthfulness  in  topography, 
in  every  delineation  of  the  earth’s  surface,  from  geographical  maps 
down  to  and  through  every  phase  of  topographical  representation. 

In  saying,  as  I do,  that  the  sole  condition  of  the  truthfulness  of  a map 
is  that  it  shall  be  that  which  on  its  face  it  pretends  to  be,  is  necessa- 
rily involved  the  admission  that  maps  may  legitimately  have,  depend- 
ent upon  their  purpose,  and  therefore,  as  should  follow,  upon  their 
scale,  various  degrees  of  accuracy.  There  is  a great  gulf  between  the 
survey  and  map  for  the  construction  of  a fortification  on  hill  and  es- 
carpment and  the  survey  and  map  for  any  other  purpose  that  can  be 
mentioned  as  detailed.  In  the  whole  range  of  surveying,  however, 
one  kind  o'f  survey  is  no  more  legitimate  than  another,  all  having  their 
appropriate  place,  if  only  the  scale  represents  the  truth  up  to  which 
the  operator  has  worked. 

So  clearly  am  I of  the  opinion  that  the  present  recognized  extensive 
range  of  surveys  and  maps  have  their  legitimate  provinces  solely  upon 
the  condition  that  they  shall  be  truthful  in  the  pretension  which  they 
make  on  their  face,  that  I am  emboldened  rather  to  suggest  adding  to 
than  subtracting  from  the  present  range  of  map-making  methods-  and 
map  products. 

PHOTOGRAPHIC  TOPOGRAPHY  FROM  A BALLOON. 

I deprecate  any  hasty,  adverse  conclusions  on  the  subject  which  I 
am  about  to  present.  Experience  in  life  shows  the  general  tendency 
to  resist  innovation.  The  history  of  invention  proves  the  fact  conclu- 
sively. Premising  then,  and  insisting,  lest  my  meaning  be  miscon- 
strued, upon  my  recognition  of  the  facts  of  the  possibility  of  failure 
and  the  existence  of  limitations  to  the  applicability  in  places  of  the 
plan  which  I am  about  to  suggest  for  particular  purposes  and  places, 
I state  now  those  limitations  to  be,  so  far  as  they  are  at  present  appar- 
ent to  me,  strictly  circumscribed  by  character  of  country;  size  of  scale 
which  it  is  possible  to  use,  and  appropriateness  of  the  method  only 
to  one  specific  kind  of  survey.  But,  as  to  the  last  clause,  it  may  well 
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be  urged  that  if  only  one  purpose  in  anything  be  well  subserved  it  is 
distinctly  a gain  in  the  affairs  of  men. 

The  idea  of  photographic  topography  from  a balloon  had  occurred 
to  me  before  I learned  that  it  had  been  thought  of  by  others  and  ex- 
periments tried  with  a view  to  its  realization  in  practice.  I was  not 
surprised,  however,  to  learn  eventually  that  the  idea  had  been  con- 
ceived by  others,  knowing,  as  I well  do,  that  as  never  before  the 
world  teems  with  ideas  as  to  applied  science.  So  far,  however,  as  I 
am  able  to  ascertain  the  results  of  these  experiments,  they  do  not 
stand  test  as  results  of  precision,  such  as  warrant  my  regarding  them 
as  representing  methods  capable  of  executing  regular,  accurate,  relia- 
ble surveying.  But,  on  the  other  hand,  I venture  to  believe  that  my 
method,  hereinafter  described,  if  applied  strictly  within  the  conditions 
which  I carefully  note,  will  be  found  to  meet  all  the  requirements 
which  thorough  knowledge  of  the  general  subject  would  impose. 

Given  a tract  of  moderate  accidents  of  surface,  and,  although  not 
unwooded,  destitute  of  forest,  and  I believe  one  would  have  the  physi- 
cal conditions  fulfilled  necessary  to  carrying  out  the  plan  of  survey 
which  I have  in  mind,  costing  very  little  money,  and  yielding  imme- 
diate results,  which  could  easily  be  refined  upon  as  a final  product  of 
the  survey.  To  take  a simple  case,  imagine  that,  in  a country  such  as 
I have  described,  a map  were  required  to  be  made  on  and  for  some 
distance  on  both  sides  of  a traverse  line  in  process  of  execution.  Select 
two  stations  of  the  line  that  have  been  occupied  by  the  instrument  for 
horizontal  angles  and  mark  them  with  two  disks  of  white  muslin,  say 
stretched  on  hoops,  of  a size  determinable  by  the  distance  at  which 
they  are  to  be  viewed  by  the  camera;  midway  on  the  line  between  the 
stations  send  up  a small  spherical  balloon,  with  a camera  pointing 
vertically  downward  suspended  from  it,  and  captive  by  four  light  cords, 
two  of  which  should  coincide  in  position  with  a vertical  stripe  passing 
around  the  centre  of  the  balloon,  and  adjust  it,  in  an  obvious  manner 
over  the  traverse  line,  at  a height  which  determines  the  scale  of  the 
map  of  the  area  assumed  to  be  possible  of  delineation.  The  proper 
elevation  of  the  camera  for  the  purpose  of  photographically  including 
a single  link  of  the  traverse  line,  thus,  as  remarked,  establishing  the 
scale  of  the  map,  could  be  preliminarily  established  by  experiment  on 
the  ground  merely  by  setting  up  the  camera  in  the  usual  horizontal 
position,  so  placed  as  to  distance  from  a horizontal  base  representing 
the  length  of  a maximum  traverse  link  as  photographically  to  reduce  it 
to  the  desired  scale ; and  as  to  direction  so  placed  as  to  be  on  the  per- 
pendicular to  the  middle  of  that  base. 

The  balloon  should  be  centered  over  the  point  below  without  instru- 
mentally  aided  observation,  the  vertically  placed  stripe  ranging  along 
the  link,  and  the  apparatus  being  anchored  by  light  weights;  with 
rings  through  which  the  cords  could  reeve,  to  cover  the  necessity  of 
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making  any  adjustment  of  the  length  of  one  or  more  of  them,  growing 
out  of  some  accident  of  the  ground.  On  one  of  the  two  traverse  sta- 
tions representing  a given  link  of  the  line  the  disk  of  white  would 
necessarily  be  larger  than  that  on  the  other,  so  as  to  indicate  on  the 
photograph  the  direction  in  which  the  survey  proceeded.  The  camera 
would  also  necessarily  play  in  gimbals  of  sufficiently  easy  movement, 
short  of  permitting  it  to  oscillate  with  perfect  freedom,  of  just  such 
ease  of  movement  as  to  permit  it  to  maintain  perfect  horizontality.  In 
addition  to  the  four  light  cords  mentioned,  to  be  attached  as  gitys  to 
the  balloon,  for  the  purpose  of  orienting  and  keeping  it  in  position,  a 
free  one,  graduated  downward  in  feet,  and  containing  the  wires  in  elec- 
tric communication  with  the  photographic  shutter  of  the  camera,  actu- 
ated by  a minute  battery,  would  complete  the  whole  apparatus.  With 
due  care  in  manipulation,  the  camera,  lying  with  relation  to  the  vertical 
stripe  on  the  balloon,  would  be  oriented  with  the  stripe  along  the  given 
link  of  the  traverse  line,  and  register  the  link  essentially  in  the  middle 
of  the  plate,  and  its  termini  within  the  margins  of  the  plate. 

It  stands  to  reason  that  these  operations  would  be  impracticable  in 
a high  wind  amounting  to  a gale.  In  a calm,  however,  or  in  moderate 
breezes,  such  as  are  concomitants  of  fine  weather  for  field  work,  there 
is  apparently  little  ground  to  doubt  that  the  picture  of  the  earth  under 
the  camera  could  be  successfully  taken  in  the  manner  indicated. 

Any  one  who  has  flo^vn  kites,  and  therefore  knows  the  stillness 
of  them  when  properly  constructed  as  to  both  figure  and  attachment, 
and  when  fully  raised,  can  little  doubt  that  a miniature,  perfectly 
spherical  balloon,  floating  in  the  atmosphere,  held  at  four  points  equi- 
distant from  each  other  around  the  circle,  would  have  no  tendency, 
like  an  ordinary  balloon,  to  sway,  owing  to  the  fact  that  its  center  of 
gravity,  unlike  that  of  the  ordinary  balloon,  would  be  close  to  the 
inflated  body.  It  would  be  like  a kite  flown  from  four  directions,  but 
much  more  stable. 

How  important  figure  and  attachment  are  in  the  base  of  the  kite  is 
known  to  many  persons  from  experience,  but  as  many  have  not  con- 
sidered what  influence  those  factors  combined  would  effect  in  the  case 
of  a specially  constructed  captive  balloon,  it  becomes  here  necessary  to 
demonstrate  them,  through  describing  the  construction  and  mode  of 
management  of  the  balloon  adapted  to  the  case  in  hand;  how,  through 
figure  and  attachment,  the  forces  in  play  may  be  so  combined  as  to 
produce  equilibrium  in  the  object  acted  upon. 

In  the  first  place,  as  to  figure,  the  balloon,  unlike  the  ordinary 
aeronautic  one,  with  its  long  neck  and  remote  car,  would  be  perfectly 
spherical,  with  the  gimbals  and  dependent  camera  set  close  to  its 
periphery.  Thus  closely  ballasted  it  would,  if  free,  have  no  swinging 
movement,  and  would  therefore  have  no  tendency  to  swing  when  held 
by  centralized  equiangular  forces  around  its  periphery.  As  for  the 
particular  feature  of  its  attachment,  which  relates  to  the  equalization 
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of  the  forces  designed  to  retain  it  in  position,  that  would  be  by  fasten- 
ing the  guy  cords  equidistantly  on  a light  girdle  passing  equatorially 
around  the  sphere  as  resting  when  ascended.  It  will  be  perceived  that 
this  place  of  attachment,  combined  with  the  figure  and  mode  of  bal- 
lasting mentioned,  precludes  oscillation,  even  when  the  lateral  force 
of  wind  is  introduced,  unless,  indeed,  the  balloon  has  not  been  gifted 
with  sufficient  ascensive  force.  The  balloon,  thus  constructed  and 
attached,  should  present  stability  all-sufficient  for  its  object.  But 
additionally  to  these  guarantees  of  stability  is  to  be  added  a momentary 
one  at  the  critical  point  of  time  of  taking  the  picture.  At  that  instant 
the  operator  would  stand  directly  below  the  balloon,  holding  in  his 
hands  the  little  battery  and  the  graduated  cord  containing  the  reophores 
actuating  the  photographic  shutter  of  the  camera.  At  that  instant  he 
would  draw  the  cord  tense,  and  simultaneously  complete  the  electric 
circuit  of  the  battery,  and  in  a small  fraction  of  a second  the  picture 
would  be  taken. 

The  preliminary  determination  of  the  question  of  scale  will  have 
settled  the  height  of  the  camera  during  the  whole  work,  the  fixing  of 
the  focus  for  that  height,  the  size  of  the  diaphragm  for  limiting 
properly  the  angular  aperture  of  the  objective,  so  as  to  obtain  a sharp 
picture,  and  the  maximum  distance  allowable  between  stations,  which, 
however,  should,  for  convenience  sake,  be  as  nearly  equidistant  as 
possible. 

Cameras,  except  some  of  the  English  ones,  are  now  made  so  ex- 
tremely light,  not  over  five  or  six  pounds  in  weight,  that  the  size  of  the 
balloon  necessary  for  the  purpose  described  would  be  correspondingly 
small.  So  small  a superficies,  moreover,  as  it  would  contain  could  be 
prepared  without  great  pains,  so  that  the  balloon  would  almost  indefi- 
nitely retain  its  gas.  This  gas  would  necessarily  have  to  be  on  occa- 
sions generated  by  the  surveyor  for  his  own  special  purpose,  and  on 
such  occasions  would  necessarily  be  hydrogen,  heated  air  being  inad- 
missible for  the  purpose  discussed.  In  many  cases,  however,  coal  gas 
would  be  easy  to  procure,  and  could  then  be  employed.  The  War  De- 
partment balloon  service  now  employs  gas  under  high  pressure,  in 
steel  tubes,  easy  of  transportation.  The  use  of  such,  therefore,  would 
afford  the  greatest  facility  possible  in  the  operation  herein  described. 

We  are  now  supposed  to  have  secured,  as  the  result  of  running  a 
traverse  line,  in  the  manner  described,  a number  of  negative  dry 
plates,  impressed  by  instantaneous  photography.  These  can  be  stored 
away  in  the  dark  compartments  used  for  that  purpose  until  such  time 
as  may  be  convenient  to  develop  them.  They  are  often  thus  kept  per- 
fectly safe  for  many  months.  Being  finally  developed  they  are  cut  off 
with  a diamond  point  at  such  angles  as  will  enable  them  to  fit  on  " 
the  traverse  line  plotted  on  paper  previously  to  its  being  sensitized. 
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The  traverse  line,  as  penciled  to  scale  on  paper,  subsequently  sen- 
sitized,  would  necessarily  fix  the  directions  of  the  photographic  rep- 
resentations of  its  individual  links,  and  the  photographic  representa- 
tion to  scale  of  the  links  on  the  ground  would  give  the  means  for 
adjusting  the  plates  on  the  paper;  an  operation,  it  will  be  perceived, 
thus  checked  by  the  distances  to  scale  as  actually  measured  between 
the  stations  of  the  ground;  a perfect  accommodation  between  the  data, 
as  pbtained  above  and  below,  being  thus  effected  by  a slight  adjust- 
ment. In  order  to  limit  to  the  minimum  in  space,  the  narrow  wedge- 
shaped  blanks  that  must  occur  between  plates  lying  at  an  angle  with 
each  other,  corresponding  with  their  relation  to  nature,  along  the  rep- 
resentation on  paper  of  a traverse  line  thus  treated,  the  line  on  the 
ground  should  be  run  as  little  zigzag  as  possible. 

By  means  of  lines  tying  on  at  intervals  one  traverse  line  to  another, 
the  same  scheme  of  work  could  be  amplified  laterally.  If  that  were 
done,  however,  one  picture  would  overlap  another,  the  wedge-shaped 
blanks  would  be  multiplied,  and  the  resultant  print  would  be  irregu- 
larly blurred;  and,  worst  of  all,  the  impressions  of  minute  determinate 
objects  would  not  be  superposed.  Even  in  this  adverse  case,  however, 
the  elements  would  be  present  for  the  draughtsman  to  reduce  them  to 
a coherent  whole.  But,  on  the  contrary,  the  running  of  a single  line, 
all  that  I advocate  at  present,  embracing  a considerable  distance  on 
each  side  of  it,  would  give  at  once  data  for  a very  presentable  map  of 
the  surface  of  the  earth  involved,  and  this  map  would  readily  lend 
^ itself,  through  the  labors  of  the  draughtsman,  after  having  been  printed 
in  the  manner  described,  to  the  refinements  of  being  photographed  or 
lithographed  as  a whole.  Of  course,  at  its  inception,  such  a map 
would  be  entirely  destitute  of  exact  indication  of  vertical  traits,  such 
representation  as  was  made  of  them  by  photography  depending  entirely 
upon  the  effect  of  perspective. 

It  should  be  obvious  that,  instead  of  running  a traverse  line  by  the 
method  hereinbefore  described,  in  which  every  position  of  the  camera, 
supported  by  the  balloon,  is  referred  to  directions  and  distances 
measured  on  the  ground,  it  is  possible  to  run  a traverse  line  by  a looser 
method,  by  means  of  balloon  work  alone.  With  a balloon  always  at  a 
fixed  height,  the  scale,  as  has  been  indicated,  is  also  fixed.  Therefore, 
•if  the  camera  be  placed  successively  over  stations  Nos.  2,  3,  etc.,  repre- 
senting disks  successively  placed  on  the  ground,  combining  in  pairs, 
stations  1 and  3,  2 and  4,  etc.,  then  the  line  can  be  plotted  on  paper, 
and  if  only  its  terminal  points  be  determined,  a traverse  line  of  addi- 
tional accuracy  would  be  secured,  because  it  would  as  a whole  be 
oriented.  We  have,  therefore,  within  the  possibilities  of  this  method 
of  balloon  surveying,  three  gradations  of  accuracy;  first,  where  each 
balloon  result  is  referred,  for  each  link  of  a traverse  line,  to  direct 
angular  and  linear  measurements  on  the  ground;  secondly,  where  only 
the  two  ends  of  the  traverse  line  being  determined,  the  line  is  wholly 
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laid  down  by  them ; and,  thirdly,  where  there  are  no  instrumental  de- 
terminations whatever  on  the  ground,  where  the  balloon  camera  does 
the  whole  work,  by  referring  it  to  bright  disks  placed  conveniently  on 
the  ground  with  reference  to  the  topography. 

I beg  you  to  believe  that  I could  not  speak,  could  not  indeed  think, 
of  a thing  wholly  untried  as  certain  of  successful  accomplishment.  It 
seems  to  me,  however,  that  the  plan,  attempted  in  the  manner  that  I 
have  devised,  subscribing  to  the  conditions  that  I have  sought  care- 
fully to  impose,  is  well  worthy  of  trial  for  the  class  of  work  whose  re- 
quirements I have  thought  it  might  meet  with  the  great  advantage  of 
cheapness,  expedition,  and  picturesque  delineation  of  certain  country. 
I confess  that  I am  sufficiently  wedded  to  the  belief  that  it  would  suc- 
ceed, to  enable  me  to  say  that  I should  be  pleased  to  try  the  experi- 
ment with  all  the  opportunities  afforded  by  a centre  of  civilization, 
where  are  to  be  found,  combined,  artisans,  material,  and  every  facility 
for  perfecting  mechanical  devices,  not  least  among  which  is  the  counsel 
of  experts  Avhose  assistance  would  render  most  likely,  if  possible,  the 
culmination  of  the  project  in  success. 


Supplement  C. 


[Presented  by  Assistant  Herbert.  G.  Ogden.] 

REPORT  OF  THE  COMMITTEE  ON  THE  CLASSIFICATION  OF  THE  UNITED 
STATES  FOR  TOPOGRAPHIC  WORK. 

The  committee  has  further  considered  the  question  of  classification 
submitted  to  it,  and  respectfully  reports  that,  in  its  judgment,  no 
further  subdivision  is  necessary  to  complete  the  work  outlined  by  the 
Conference.  It  suggests,  however,  that  the  slight  changes  recom- 
mended by  the  committee  on  accuracy  should  be  adopted,  viz  : 

In  Division  A,  coast  work — Section  I — change  the  limits  from  “St. 
Croix  Eiver  to  Hew  York”  to  read  “ St.  Croix  Eiver  to  Delaware  Bay.” 
In  Section  2,  change  the  limits  “Hew  York  to  Winyah  Bay”  to  read 
“ Delaware  Bay  to  Winyah  Bay.” 

In  Division  B,  interior  work,  we  recommend  that  the  word  “farm” 
be  omitted  from  sections  1 and  2,  and  in  section  4,  “ Plateau  Eegions 
of  the  West”  should  be  changed  to  read  “Great  Plains  of  the  West.” 

These  recommendations  are  respectfully  submitted  as  the  final  re- 
port, and  the  committee  requests  that  it  may  be  discharged  from 
further  consideration  of  the  subject. 

CLASSIFICATION  OF  TOPOGRAPHY  OF  THE  UNITED  STATES. 

A. — Coast  work. 

(1)  St.  Croix  Eiver  to  Delaware  Bay. 

(2)  Delaware  Bay  to  Winyah  Bay. 

(3)  Winyah  Bay  to  St.  John’s  Eiver. 

(4)  Mississippi  Delta. 

(5)  Texas. 

(6)  Southern  California. 

(7)  Horthern  California. 

(8)  Oregon  and  Washington. 

B. — Interior  work. 

(1)  Polling  lands,  like  Hew  England,  Hew  York,  northern  Hew 
Jersey,  etc.,  excepting  the  mountain  ranges. 

(2)  Flat  lands,  like  southern  Hew  Jersey,  Delaware,  the  Chesapeake 
Bay  region,  and  the  Atlantic  Coastal  plain  generally. 
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(3)  Prairie  lands,  like  those  of  Ohio,  Indiana,  and  Illinois. 

(4)  Great  Plains  of  the  West. 

(5)  Plateau  regions  of  Kentucky  and  Tennessee. 

(6)  Appalachian  Mountain  system. 

(7)  Rocky  Mountain  system. 

(8)  Sierra  Nevada  Mountain  system. 

COMMITTEE  REPORT  ON  ESTIMATED  COST  OF  SURVEYS  PER  SQUARE 
MILE  IN  TYPICAL  SECTIONS  ON  SPECIFIED  SCALE. 

The  following  table  consists  of  the  mean  value  of  two  tables  of  esti- 
mates furnished  the  committee  of  the  whole — one  by  the  committee  on 
classification,  to  which  was  given  the  weight  of  one,  and  one  by  the 
special  committee  appointed  February  17  to  consider  this  subject, 
whose  table  was  given  a weight  of  two.  The  latter  table  was  made 
up  from  individual  estimates  of  eight  members  of  the  board,  those 
members  familiar  with  the  Atlantic  and  Gulf  coasts  estimating  only 
for  these  sections,  and  those  familiar  with  the  Pacific  coast  for  that 
section. 

It  is  evident  that,  owing  to  lack  of  great  experience  among  members 
of  this  Conference  in  the  immense  region  indicated,  the  cost  per  square 
mile  assigned  to  these  sections  must  be  largely  approximations.  Closely, 
therefore,  as  the  attention  of  the  Conference  has  been  directed  to  the 
matter  of  interior  surveys,  only  time  can  show  how  nearly  it  has 
approached  the  actual  cost  in  each  case. 
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A— COAST  WORK. 


Section. 

System. 

Scale. 

Approxi- 
mate 
cost  per 
square 
mile. 

Remarks. 

I 

St.  Croix  River  to 

New  England. 

I-IOOOO 

'$54 

Including  water 

Delaware  Bay. 

areas  between 

shore  lines  not 

* 

exceeding  one 

mile  in  width. 

2 

Delaware  Bay  to 

Bay. 

1-20000 

27 

Winy  ah  Bay. 

3 

Winyah  Bay  to  St. 

do. 

1-20000 

25 

Johns  River. 

4 

Mississippi  Delta. 

Delta. 

J 1-20000 
\ 1-40000 

} 24 

5 

Texas. 

Texas. 

J I-IOOOO 

1 i5 

\ 1-30000 

6 

.Southern  California. 

Pacific  Coast. 

I-IOOOO 

37 

\ 

7 

Northern  California. 

do. 

I-IOOOO 

43 

8 

Oregon  and  Wash- 

do. 

I-IOOOO 

40 

ington. 

B — INTERIOR  WORK. 


1 

Rolling  lands,  like 
New  England, 
N e w York , north- 
ern New  Jersey, 
etc.,  excepting  the 
mountain  ranges. 

Primary. 

1-30000 

25 

Plane  table  work. 

2 

Flat  lands,  like 
southern  New 
Jersey,  Delaware, 
the  Chesapeake 
Bay  region,  and 
the  Atlantic  Coast- 
al plain  generally. 

Coastal  Plain. 

1-30000 

18 

Plane  table,  with 
traverse  auxil- 
iaries. 

3 

Prairie  lands,  like 
those  of  Ohio, 
Indiana,  and  Illi-^ 
nois. 

Prairie. 

1-30000 

20 

Plane  table  work. 

4 

Great  plain  regions 
of  the  west. 

Great  Plain. 

1-40000 

11 

Plane  table  work. 

5 

Plateau  regions  of 
Kentucky  and 
Tennessee. 

Plateau. 

1-30000 

15 

Plane  table,  with 
traverse  auxil- 
iaries. 

6 

Appalachian  Moun- 
tains. 

Appalachian. 

1-40000 

17 

Plane  table  work. 

7 

Rocky  Mountains. 

Rocky  Mountain. 

1-40000 

*3 

Plane  table  work. 

8 

Sierra  Nevada 
Mountains. 

Northern  half,  Ap- 
palachian; south- 
ern half,  Rocky 
Mountain. 

1-40000 

16 

Plane  table,  with 
traverse  auxil- 
iaries. 
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SUPPLEMENT  D. 

REPORT  OF  THE  COMMITTEE  ON  THE  MERITS  AND  DEFECTS  OF 
TOPOGRAPHICAL  INSTRUMENTS. 

[Presented  by  Assistant  Aug.  F.  Rodgers.] 

The  Committee  on  Instruments  lias  the  honor  to  report  as  follows: 

Having  examined  the  instruments  in  the  office  of  the  Coast  and 
Geodetic  Survey  and  conferred  with  the  mechanician  of  the  Survey, 
Mr.  Fischer,  and  having  visited  the  office  of  the  Geological  Bureau  and 
conferred  with  its  topographers  and  made  an  examination  of  the  in- 
struments used  by  them,  your  committee  has  concluded  that  the  best 
forms  of  the  plane-table  and  alidade  in  present  use  by  the  Coast  and 
Geodetic  Survey  are  susceptible  of  little  improvement  except  in  the 
matter  of  weight. 

There  is  now  in  the  charge  of  the  mechanician  a plane-table  head,  No. 
83,  used  by  Assistant  Bonn  in  the  survey  of  the  District  of  Columbia, 
which,  in  the  opinion  of  your  committee,  is  as  good  a form  as  can  be 
' devised,  with  exceptions  hereinafter  noted,  simple  in  construction  and 
combining  several  recognized  desiderata,  viz : a broad  base  plate,  with 
two  tangent  screws,  combining  adequate  strength  and  immobility  in  its 
connection  with  the  plane-table  board. 

For  general  use  or  in  a very  rough,  mountainous  country  this  head, 
No.  83,  would  be  too  heavy,  unless  much  reduced  in  size,  and  this 
would  involve  the  loss  of  some  of  its  elements  of  present  excellence,  and 
it  is  thought  that  by  reproducing  the  form  and  size  of  No.  83,  in  alumi- 
num bronze,  and  with  the  reduced  weight  of  an  aluminum  bronze  board: 
the  aggregate  weight  may  be  reduced  to  convenient  portability  for  all 
purposes. 

Your  committee,  therefore,  recommends  the  manufacture  of  an  alumi- 
num bronze  plane-table  head  of  size  and  form,  exceptions  hereinafter 
noted,  of  No.  83,  and  a plane-table  board  of  full  size,  to  be  made  of  the 
same  metal  and  with  the  ends  semicylindrical,  with  a diameter  of  not 
less  than  3 inches,  in  order  to  protect  the  rolled  portions  of  the  plane- 
table  sheet  from  the  short,  sharp  bend  over  the  edges  of  the  board,  as 
is  now  the  case  in  our  wooden  board.. 

' H„  Ex.  43,  pt.  2 — 4(1 
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# INSTRUMENTS  EXAMINED  IN  THE  OFFICE  OF  THE  GEOLOGICAL 

BUREAU. 

The  forms  of  plane-table  used  in  the  Geological  Survey  are  radically 
different  from  our  best  instruments,  especially  a head  and  miniature 
board  used  in  the  traverse  work  of  that  survey.  This  plane-table  can 
only  be  leveled  by  changing  positions  of  tripod  legs  and  can  only  be 
moved  in  azimuth  by  hand. 

Still  another  form  is  known  as  the  Johnson  patent,  having  ball  and 
socket  motion  for  level  and  change  in  azimuth,  but  without  tangent 
screws.  It  is  understood  that  this  instrument  is  used  in  plane-table  tri- 
angulation, and  for  interpolation  of  stations  for  topographic  detail. 

In  connection  with  the  miniature  plane-table  first  mentioned,  a small 
and  light  alidade  without  telescope  is  used,  and  it  is  understood  that 
in  the  traverse  work  of  the  Survey  the  declinatoire  or  magnetic  needle 
is  depended  upon  for  orientation  and  direction,  and  for  determination 
of  elevation,  except  in  special  cases,  the  aneroid  barometer  is  used  and 
referred  at  frequent  intervals  of  time  and  distance  to  known  datum- 
planes. 

In  traverse  work,  distance  traversed  is  obtained  from  wheel  measure, 
either  by  direct  count  of  the  number  of  revolutions  of  a wagon  wheel 
or  by  the  use  of  an  odometer. 

The  odometer  forms  on  sale  up  to  this  date  do  not  meet  with  com- 
mendation from  the  office  of  the  Geological  Survey,  and  the  experience 
of  the  chairman  of  your  committee  indorses  the  idea  that  there  is  great 
room  for  improvement  in  odometer  forms,  leaving  an  open  field  for  in- 
vention with  practical  ideas  of  .the  adaptations  of  such  an  instrument. 
In  its  present  form  it  must  be  treated  very  carefully  as  to  rates  of 
travel. 

Your  committee  is  of  opinion  that  in  rapid  work,  and  especially  in 
reconnoissance,  a reliable  odometer,  in  dust  and  water  proof  case, 
would  be  of  great  value  in  approximate  determinations  of  distance. 

Having  visited  the  office  of  the  Geological  Bureau,  your  committee 
desires  to  express  obligations  to  the  gentlemen  of  that  bureau  for  their 
kindness  and  courtesy  in  explaining  methods  and  exhibiting  the  in- 
struments used  by  them. 

NEW  INSTRUMENTS  AND  SUGGESTIONS  OF  CHANGES  IN  FORM. 

From  Buff  & Berger’s  Hand-Book  and  Illustrated  Catalogue  of 
Engineer’s  and  Surveyor’s  Instruments,  published  in  Boston  in  1890, 
your  committee  makes  the  following  quotation  for  your  information 
and  consideration : 

“The  ta-chym-eter  (tachymeter)  or  universal  surveying  instrument; 
the  word  is  a combination  of  the  two  Greek  words,  “tachus,”  rapid, 
and  “metron,”  measure.  There  are  several  words  in  Webster’s  Un- 
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abridged  having  the  first  word  of  the  combination  to  signify  rapidity 
of  execution.  Buff  & Berger  describe  it  as  “ an  instrument  having  a 
level  on  its  telescope,  a vertical  arc  or  circle  and  stadia  wires,  and  as 
adapted  to  rapid  location  of  points  in  a survey,  since  it  is  capable  of 
measuring  the  three  coordinates  of  azimuth,  altitude,  and  distance.” 
Your  committee  has  recommended  the  ordering  of  such  an  instrument, 
or  in  form  for  attachment  to  an  alidade,  for  examination.  From  its 
combination  of  capabilities  it  may  illustrate  the  usual  character  of  a 
“jack  of  all  trades,”  but  examination  must  be  our  best  guide  to  judge  of 
its  probable  usefulness  as  an  auxiliary  to  more  rapid  work. 

OERTEL  & SON,  OF  MUNICH. 

The  Secretary  of  the  Conference  has  submitted  to  the  committee  a 
form  of  level  known  as  u Meissner’s  Level,”  manufactured  by  Oertel  & 
Son,  of  Munich,  which  has  the  advantage  of  rapid  adjustment  in  hori- 
zontal plane,  by  means  of  a single  vertical  milled-head  screw  attached 
to  the  eye  end  of  the  telescope,  doing  away  with  the  old  form  of  base- 
plate and  four  foot  screws. 

Your  committee  is  of  opinion  that  the  Meissner  level,  as  described, 
may  be  made  a valuable  adjunct  to  a party  equipment  to  obtain  more 
rapid  results  where  the  use  of  a level  may  be  necessary. 

The  secretary  also  submitted  a rough  drawing  and*  description  of  an 
instrument  manufactured  by  Bohne  in  Berlin,  “ Taschen-Mveau,”  the 
first  a German  word,  the  last  French;  translated  they  mean  a “ pocket 
level.”  This  instrument  appears  to’  be  a hand  level  of  more  elaborate 
form  than  the  lock  level  and  has  an  addition  of  a graduated  arc  for 
measurements  of  horizontal  angles.  It  seems  to  combine  the  lock  level 
and  the  azimuth  compass  or  Sclimalkalder,  of  Coast  and  Geodetic 
Survey  adoption,  though  represented  to  be  without  a needle. 

Mr.  Flemer  has  also  called  your  committee’s  attention  to  an  instru- 
ment called  a distance-measurer,  which  in  method  serves  the  ordinary 
use  of  our  stadia  or  telemeter,  by  having  a telescope  mounted  upon  a 
base  along  which  the  .telescope  slides,  and  by  measurement  of  an  angle 
to  a distant  object  from  each  end  of  this  base  the  elements  are  ob- 
tained for  determination  of  the  distance.  This  instrument  does  away 
with  the  necessity  for  sending  a man  with  a telemeter  to  distant 
points  and,  in  effect,  enables  the  observer  to  determine  distances  to 
objects  without  changing  his  station.  Of  course  the  elements  of  an 
infinitely  small  base  and  small  angle  of  intersection  of  the  object 
determined  are  involved,  but  it  is  suggested  that  for  rapid  work  and 
reconnoissance  the  distance-measurer  may  be  a valuable  auxiliary. 

Mr.  Flemer,  the  secretary  of  the  Conference,  has  furnished  rough  dia- 
grams of  these  instruments,  and  they  are  at  the  service  of  the  members 
for  examination. 
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In  concluding  the  discussion  of  instruments  your  committee  recom- 
mends as  follows : 

For  plane-table,  the  present  forms  in  use  by  the  Coast  and  Geodetic 
Survey,  and  for  a plane-table  head,  No.  83,  as  combining  all  require- 
ments, in  general  form,  except  that  there  is  too  little  space  between 
the  plane-table  board  and  plane-table  head,  thus  making  it  incon- 
venient to  manipulate  the  tangent  screws.  This  would  be  probably 
remedied  by  lengthening  the  arms  which  connect  the  movement  with 
the  board.  This  defect  is  a radical  one  and  should  be  remedied  in 
reproducing  the  general  form  of  No.  83.  It  should  never  be  forgotten 
by  manufacturers  that  the  milled  heads'  to  the  plane-table  tangent 
screw  and  clamps  are  never  in  sight  when  manipulated,  and  for  con- 
venient and  effective  use  should  be  as  large  as  conditions  and  propor- 
tions will  permit. 

Also  note  exceptions  to  the  positions  of  leveling  screws  in  No.  83. 
They  are  now  above,  but  should  be  below  the  base  plate. 

The  plane-table  head  No.  83  is  also  too  heavy,  and  your  committee 
recommends  experiments  with  aluminum  bronze  for  reduction  of  weight. 
That  the  head  and  board  with  semicylindrical  edge  on  the  sheet-rolling 
side  be  made  of  aluminum  bronze.  That  the  alidade  be  made  of  alumi- 
num bronze,  telescope  tube,  standard  and  ruler,  and  that  if  necessary  the 
latter  be  weighted  to  give  requisite  stability.  The  steel  rulers  are  ob- 
jectionable on  account  of  oxidation ; even  when  nickel-plated  the  rust 
seeks  and  finds,  weak  points  to  come  through  the  plating. 

The  verdigris  on  brass  rulers  is  a constant  source  of  trouble  in  soil- 
ing field  sheets.  It  is  thought  the  use  of  aluminum  bronze  may  eliminate 
the  defects  noted. 

It  should  not  be  forgotten  by  manufacturers  of  the  plane-table  ali- 
dade that  it  is  essentially  a hand  instrument  and  in  Coast  Survey 
work  is  usually  carried  in  the  hand  many  hours  during  each  day  in  the 
field.  Convenient  portability  by  hand  is  therefore  very  important. 
There  is  but  one  proper  hand-hold  in  carryiug  it,  and  that  should  be 
free  from  all  projections.  A protuberance  not  noticeable  in  the  first 
hour  of  a day’s  work  becomes  an  unbearable  nuisance  at  the  end  of  the 
day,  and  the  use  of  such  an  instrument  continued  during  a season 
may  produce  a permanent  injury  to  the  hand. 

It  is  recommended  that  a circular  semispherical  disk  of  sufficient 
diameter,  with  convex  surface  toward  the  hand,  in  carrying  the  ali- 
dade, be  placed  around  the  upright  or  pillar,  and  under  the  vertical 
arc  and  alidade  screws. 

It  is  recommended  that  the  alidade  ruler  should  not  be  solid,  but 
should  have  an  open  center,  and  that  each  alidade  should  have  a space 
countersunk  in  the  ruler,  under  the  eye  end  of  the  instrument,  to  hold 
a meter  scale  of  1 500  meters  on  an  1-10000  scale,  3 000  meters  on  a 
1-20000  scale,  the  meter  scale  to  be  held  in  place  by  screws,  removable 
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at  will,  in  case  of  changing  scale  of  work;  upper  surfaces  of  scale  to  be 
Hush  with  or  in  same  plane  with  surface  of  alidade  ruler. 

From  a form  of  alidade  noted  and  approved  by  your  committee, 
manufactured  by  Fauth  & Co.,  of  Washington,  for  the  Geological  Bu- 
reau, it  is  desired  to  call  attention  to  the  advantage  of  facing  the  ver- 
tical arc  and  vernier  toward  the  eye  end  of  the  alidade  telescope, 
enabling  an  observer  to  read  an  angle  of  elevation  or  depression  with- 
out moving  the  alidade  or  changing  his  own  position. 

It  is  recommended  that  the  alidade  telescope  diaphragm,  in  addition 
to  the  usual  three  horizontal  lines  for  stadia  measurements,  should 
have  two  half  lines  interposed  on  each  side  of  the  middle  line  in  order 
to  double  the  distance  of  determination,  the  half  lines  not  to  extend 
more  than  half  way  from  the  circumference  to  the  center  of  field. 

A member  of  this  Conference,  Assistant  B.  Meade  Bache,  has  sub- 
mitted to  your  committee  an  improvement  devised  by  him  in  the  tele- 
meter, and  its  application  in  coast  work.  Mr.  Bache  also  presents 
photographs  showing  the  manner  of  use,  and  a paper  describing  the 
various  attachments. 

The  photographs  mentioned  under  the  textual  description  of  the 
boat  telemeter  are  submitted  for  inspection  with  this  report. 

As  an  auxiliary  instrument  for  mountain  work  your  committee  recom- 
mends the  aneroid  barometer,  as  recently  improved,  desiring,  however, 
to  emphasize  the  importance  in  its  use  of  frequent  reference  to  known 
datum  planes. 

We  recommend  the  trial  of  the  odometer,  and  its  use,  if  a reliable 
form  can  be  found,  as  an  auxiliary  in  reconnoissance  and  work  upon 
the  1-40000  scale. 

If  the  tachymeter  shall  be  found  available  upon  examination,  it  may 
be  a valuable  auxiliary  in  work  upon  the  1-40000  scale. 

Your  committee  would  recommend  examination  of  the  Meissner  level, 
as  described  by  Mr.  Flemer. 

It  would  be  a great  boon  to  topography  if  an  automatic  gravity  level 
could  be  devised  that  would  be  superior  to  the  present  lock  hand 
level,  and  yet  more  portable  and  less  costly  than  levels  of  precision. 
It  is  the  opinion  of  your  committee  that  an  automatic  gravity  level 
as  suggested  could  be  constructed,  depending  upon  ball  and  socket  or 
equivalent  free  motion,  with  a weighted  pendulum  below  head  of  tri- 
pod, working  on  the  free  point  mentioned  and  rigidly  attached  above 
to  the  usual  form  of  light  telescope  used  in  spirit  levels. 

Subsequent  to  the  preparation  of  the  above  report  and  the  recom- 
mendation as  to  experiments  with  aluminum  bronze  as  a material  for 
plane-table  apparatus,  attention  has  been  called  to  the  inadaptability 
of  the  alloy  named  for  alidade  ruler  arising  from  the  tendency  of  the 
metal  to  soil  the  paper. 
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FIELD  DRAWING  PAPER. 

The  Committee  on  Instruments  having  been  instructed  to  discuss 
and  formulate,  if  possible,  some  practical  recommendations  in  regard 
to  the  paper  in  use  and  furnished  by^the  Coast  and  Geodetic  Survey 
for  plane-table  surveys,  suggests  that  one  of  the  first  requirements  of 
accuracy  in  any  plane-table  survey  is  that  the  paper  upon  which  the 
delineations  are  recorded  should  be  as  nearly  perfect  as  possible,  and 
certainly  free  from  all  remediable  defects. 

In  recent  years  the  quality  and  preparation  of  paper  for  field  use 
seems  susceptible  of  great  improvement.  Much  of  the  paper  found  in 
plane-table  sheets,  after  having  been  subjected  to  service  in  the  field, 
becomes  soft  and  fibrous,  and  in  texture  more  like  blotting  paper  than 
Whatman’s  antiquarian. 

This  lias  become  a great  evil  in  plane-table  work  and  seems  to  be 
one  universally  complained  of  among  the  topographers  of  the  Coast 
and  Geodetic  Survey. 

When  the  aggregate  cost  of  making  any  given  survey  contained  in 
an  ordinary  plane-table  sheet  is  remembered,  and  when  it  is  remembered 
that  the  value  of  the  survey  for  precision  ultimately  depends  upon  the 
original  good  quality  and  proper  preparation  of  the  paper,  it  must  be 
apparent  that  it  is  wise  economy  to  purchase  none  but  the  very  best 
paper  to  be  had  and  to  leave  no  question  of  its  best  preparation  un- 
certain on  indeterminate. 

Your  committee,  in  view  of  the  importance  of  this  question  and  the 
length  of  time  required  for  its  proper  investigation,  would  suggest  to 
the  Conference  that  the  Superintendent  be  requested  to  appoint  an  office 
committee  of  field  experience,  to  be  charged  with  the  investigation  of 
this  question  of  topographic  field  paper,  and  that  careful  experiments 
be  made  to  determine  the  best  quality  and  best  methods  of  backing ; 
the  best  materials,  whether  silk  or  muslin;  the  best  adhesive  materials 
for  backing  (flour  paste  has  defects),  and  the  best  methods  of  season- 
ing plane-table  sheets  in  the  office  before  projections  are  made  upon 
them  or  subjecting  them  to  field  service,  so  that  the  shrinkage  of  the 
paper  after  exposure  in  the  field  may  be  reduced  to  a minimum,  and, 
further,  to  determine  by  suitable  experiments  and  field  trials  the  value 
of  zilonite  as  a substitute  for  plane-table  field  paper.  Such  a cqmmit- 
tee  will  not  be  able  to  arrive  at  secure  conclusions  until  after  the 
expiration  of  one  or  two  years,  but  its  conclusions,  if  based  on  care- 
fully digested  facts,  will  be  of  great  value  to  all  plane-table  topog- 
raphers everywhere. 


Supplement  E. 


RULES  ADOPTED  BY  THE  CONFERENCE  TO  GOVERN  TOPOGRAPHICAL 
SURVEYS  IN  THE  SEVERAL  TYPICAL  REGIONS  CONSIDERED. 

GENERAL  CONSIDERATIONS. 

In  the  coast  sections,  no  important  modification  of  the  methods  of 
work  and  the  degree  of  precision  at  present  employed  is  practicable 
without  material  loss  of  accuracy,  tending  to  lower  the  present  standard 
of  the  charts  and  to  impair  their  value  to  the  Government  and  to  in- 
dividuals. If,  in  such  surveys,  increased  rapidity  or  diminished  cost 
be  required,  it  should  be  attained  by  the  omission  of  certain  classes  of 
detail  rather  than  by  lowering  the  standard  of  accuracy. 

But  in  the  interior,  for  the  general  purposes  of  topographical  maps, 
we  may  reasonably  relax,  in  some  degree,  the  precision  demanded  for 
charts  of  the  coast. 

While  gross  misinformation  or  failure  to  supply  information  in  regard 
to  important  features  of  the  relief  or  routes  of  communication  should 
not  be  tolerated  in  any  survey  of  higher  grade  than  a rough  reconnais- 
sance, it  may  be  accepted  as  true  that,  in  the  present  state  of  public 
needs,  a map  may  be  imperfect  in  the  location  of  some  natural  and 
artificial  features  and  yet  serve  ordinary  purposes  for  which  a topo- 
graphic map  is  required,  provided  the  general  outline  or  skeleton  of 
roads  and  streams  has  a good  degree  of  relative  accuracy  between  its 
different  parts,  and  provided  the  critical  points  of  the  relief  are  correctly 
determined  in  elevation. 

It  is  not  desirable  to  make  geographic  representations  for  . mere 
pictorial  effects  and  announce  the  result  as  surveys.  In  all  surveys 
for  the  distinctive  purpose  of  acquiring  and  giving  knowledge,  the 
water  courses  and  their  sources,  the  drainage  basins  and  valleys,  the 
form  and  elevations  of  the  divides,  and  routes  of  communication  are 
the  essential  features,  common  to  all  sections,  that  should  not  be  neg- 
lected, even  when  the  survey  is  made  on  a small  scale. 

The  recommendations  in  the  following  u Rules  for  topographic  sur- 
veys,” specifying  the  grades  of  accuracy  which  should  be  attained  in 
different  types  of  country,  define  the  character  of  the  surveys  which, 
in  the  opinion  of  the  Conference,  best  combine  considerations  of  mod- 
erate cost,  rapid  execution,  and.  usefulness  for  general  purposes. 

The  members  of  the  Couference  believe  that  maps  of  a settled  or 
prospectively  valuable  region  made  on  a lower  grade  than  that  recoin - 
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mended  would  not  return  a fair  equivalent  for  the  money  expended 
upon  them. 

Should  it  nevertheless  be  necessary  to  make  surveys  of  a character 
inferior  to  those  that  have  been  defined,  such  work  should  be  under- 
stood and  acknowledged  as  secondary  or  chorographic  work. 

In  conformity  with  the  resolution  adopted  by  the  Conference  recom- 
mending the  use  of  the  metre  as  the  unit  of  height  as  well  as  of  dis- 
tance, alternative  expressions  giving  the  corresponding  values  which 
in  the  use  of  the  metric  system  should,  in  the  opinion  of  the  Conference, 
replace  the  customary  intervals,  have  been  added  to  each  paragraph 
in  which  reference  was  made  to  contour  intervals  or  precision  of  eleva- 
tions. 

The  Conference  is  sensible  that  certain  discrepancies  are  thus  intro- 
duced, as  when  20-foot  curves  are  replaced  in  one  instance  by  5-metre 
and  in  another  case  by  10-metre  curves,  or  when  40-metre  intervals  are 
recommended  as  substitutes  for  100-foot  intervals.  It  thinks,  however, 
that  the  advantages  to  be  gained  outweigh  nice  considerations  of  con- 
sistency. 

The  fixing  of  intervals  with  the  foot  as  the  unit  was  largely  con- 
trolled by  precedent  and  by  the  desirability  of  preserving  intervals 
which  should  be  aliquot  parts  of  100  feet. 

In  making  the  radical  change  to  the  metric  system  it  has  seemed 
desirable  to  base  our  intervals,  in  a general  way,  upon  a somewhat 
similar  consideration  of  the  100-metre  intervals  as  grand  units  of  ele- 
vation, and  at  the  same  time  to  introduce  in  some  cases  rather  smaller 
intervals  than  the  20-foot,  and  in  other  cases  to  give  somewhat  greater 
freedom  and  rapidity  by  increasing  the  interval,  the  change  of  unit 
enabling  us  to  bring  about  these  variations  in  a perfectly  natural  way. 
The  use  of  the  40-metre  interval  in  certain  cases  is  the  only  exception 
to  the  rule  of  making  the  intervals  aliquot  parts  of  100  metres.  (This 
interval  is  recommended  in  regions  where  it  is  thought  that  50-metre 
curves  would  not  adequately  represent  the  relief  and  where  the  use  of 
25-metric  curves  is  not  justified  by  the  character  of  the  country.)  Even 
in  this  case  the  interval  is  an  aliquot  part  of  200  metres,  so  that  little 
inconvenience,  if  any,  would  be  occasioned  by  its  use. 

It  should  be  observed  also  that  the  adoption  of  the  metre  as  the  unit 
would  in  general  widen  the  interval  between  the  curves,  reducing  the 
number  of  them,  but  without  any  material  loss  in  representation  of  the 
forms,  and  to  some  extent  would  lessen  the  cost  of  the  surveys. 

In  order  to  render  perfectly  clear  its  views  with  reference  to  consid- 
eration of  different  sections  of  the  United  States,  the  Conference  would 
state  that  the  coast  and  the  interior  are  at  present  to  be  regarded  from 
entirely  distinct  standpoints. 

Under  the  fundamental  law  and  the  subsequent  practice  of  the 
work,  the  surveys  of  the  coast  have  comprised  fitness  for  purposes  of 
navigation  and  for  military  operations.  As  the  necessary  consequence 
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of  the  law  and  of  the  long  experience  of  the  Survey  on  the  extended 
coasts  of  the  United  States,  the  scales  appropriate  to  different  types 
of  coast  topography  have  so  assimilated  themselves  to  the  respective 
needs  of  each  section  (type,  purpose,  and  scale  according  with  one 
another)  that  to  the  mind  of  the  expert  they  represent  one  complete 
and  harmonious  whole.  In  consequence  of  these  facts  the  Conference 
has  found  little  difficulty  in  the  discussion  of  the  topographical  treat- 
ment applicable  to  the  coast  sections.  In  a word,  the  treatment  by  the 
Conference  of  the  coast  of  the  United  States  in  establishing  topograph- 
ical rules  for  its  survey,  is  virtually  but  a re-affirmation  of  all  that  in 
the  history  of  the  Survey  has  preceded  this  action. 

The  case  presented  by  the  interior  is,  however,  entirely  different. 
For  this  part  of  the  country  preeminent  purpose  for  prospective  sur- 
veys is  not  at  present  defined  by  law.  In  the  absence  of  controlling 
purpose,  the  consideration  of  the  question  reverts  to  the  necessity  of 
fixing  upon  scale  and  limits  of  detail  for  different  sections  solely  upon 
the  basis  of  giving  for  different  topographical  types  the  maximum  of 
information  for  general  purposes,  combined  with  the  minimum  expend- 
iture of  time  and  money. 

While  the  Conference  is  not  called  upon  to  formulate  definite  pur- 
pose for  such  hypothetical  surveys,  some  of  the  purposes  which  they 
subserve  may,  in  a general  way,  be  easily  stated.  Geological  purposes 
they  manifestly  include,  military  purposes  in  a general  way,  if  they 
should  be  so  required,  hypsometrical  data,  extent  and  relation  of  water- 
sheds, preliminary  locations  of  railroads  and  other  roads,  distances 
between  towns,  etc. 

That  such  surveys  would  include  all  of  these  and  other  purposes  is 
apparent,  but  only  the  future  can  decide  what  preeminent  purpose  or 
purposes,  beyond  uses  generally  specified,  such  surveys  will  fulfill,  and 
therefore  the  Conference  concludes  its  consideration  of  the  surveys  of 
the  interior  without  attempting  to  define  their  preeminent  purpose  in 
a manner  analogous  to  that  applicable  to  the  coast. 

Division  A — Coast  Work. 

NEW  ENGLAND  SYSTEM. 

Section  1.— St.  Croix  River  to  Delaware  Bay. 

(1)  The  scale  of  1-10000  should  be  used  throughout  this  section. 

(2)  All  points  determined  by  intersection  and  prominent  trees  or 
other  objects  useful  as  land  or  pilot  marks  should  be  as  accurate  as 
the  scale  and  material  worked  upon  will  permit. 

(3)  On  the  sea  coast  and  on  the  shores  of  navigable  rivers,  project- 
ing points  of  shore  line,  outlying  rocks,  and  ledges  should  be  deter- 
mined with  the  accuracy  of  occupied  stations  or  u points  determined 
by  intersection.” 
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(4)  The  delineation  of  the  low  water  line  should  he  as  precise  as  the 
physical  conditions  of  the  coast  will  permit.  On  moderately  steep 
shores,  where  slight  variations  of  low- water  level  would  not  produce 
great  horizontal  displacement,  the  low-water  line  may  be  shown  with 
nearly  the  same  accuracy  as  high  water.  But  where  the  slope  of  the 
bottom  is  very  gradual,  so  that  slight  variations  of  the  low- water  level 
would  produce  great  horizontal  displacement,  the  low-water  line  should 
be  sketched  freely,  simply  to  indicate  the  presence  of  flats,  or  that 
there  are  channels  through  the  flats  that  will  require  development  by 
the  hydrographer. 

(5)  Outlines  of  unnavigable  rivers  and  ponds  should  be  within  25 
metres  of  their  true  positions,  their  forms  being  preserved  as  far  as 
practicable. 

(0)  Narrow  streams,  flowing  through  thickly  wooded  valleys  or 
wooded  swamps,  should,  it  practicable,  be  shown  within  50  metres  of 
their  true  positions. 

(7)  The  line  between  hard  land  and  marsh,  when  well  defined,  should 
have  the  same  limit  of  error  as  contiguous  shore  line.  When  not  well 
defined  its  delineation  must  be  left  entirely  to  the  discretion  of  the 
topographer. 

(8)  Outlines  of  woods  should  not,  in  general,  be  in  error  by  more 
than  50  metres. 

(9)  All  railroads  and  main  wagon  roads  should  be  delineated  with 
such  accuracy  as  the  scale  and  material  will  permit. 

(10)  Graded  roads  through  public  or  private  grounds  of  considera- 
ble extent  should  have  nearly  the  same  accuracy  as  main  wagon  roads, 
the  degree  of  precision  to  be  dependent  upon  the  relative  importance 
of  such  roads. 

(11)  The  deviation  from  accuracy  of  wood  roads  and  other  byroads 
at  anyplace  between  their  terminal  points  should  not  exceed  50  metres. 

(12)  Houses  and  barns  should  be  shown  within  10  metres  of  their 
true  positions. 

(13)  In  cities,  towns,  or  large  villages  the  built  up  sections  should 
be  indicated  by  shading,  without  showing  individual  buildings  or  ac- 
companying details. 

(14)  The  general  shapes  and  dimensions  of  buildings  should  be  pre- 
served without  undue  attention  to  detail. 

(15)  Small  or  unimportant  outbuildings  should  be  omitted. 

(1G)  In  surveys  on  the  scale  df  1-10000  no  fences  should  be  omitted 
except  those  inclosing  small  areas  around  houses  and  barns  or  other 
unimportant  subdivisions. 

(17)  The  elevations  of  prominent  objects,  to  be  used  as  points  of 
reference  in  subsequent  work,  should  not  be  in  error  by  more  than  3 
feet  or  1 metre. 

(18)  The  elevation  of  ordinary  plane-table  stations  should  be  correct 
within  5 feet  or  2 metres. 
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(19)  The  heights  of  the  surfaces  of  lakes  and  large  ponds  above 
mean  sea  level  should  be  determined  with  the  same  accuracy  as  that 
adopted  for  points  of  reference. 

(20)  Within  this  typical  area  the  contour  interval  should  be  20  feet,  . 
or  5 metres. 

(21)  Contours  may  be  deflected  in  sketching  above  or  below  their 
true  planes,  to  represent  particular  accidents  of  ground,  by  an  amount 
not  exceeding  5 feet  or  2 metres,  vertically.  Beyond  this  limit 
auxiliary  curves  should  be  used,  if  necessary. 

(22)  In  open  country,  on  slopes  of  less  than  5°,  sketched  contours 
should  be  correct  within  half  an  interval.  On  steeper  slopes  they 
should  be  within  one  interval.  In  heavily  wooded,  hilly  country  this 
limit  may  be  exceeded  ? but  in  low  country,  even  if  heavily  wooded,  the 
summits  or  height  of  land  should  not  be  in  error  more  than  5 feet  or 
2 metres. 

(23)  Contours  should  cease  at  the  edges  of  steep  banks,  and  the 
bluffs  should  be  indicated  by  hachures. 

(24)  In  cases  of  importance  (for  purposes  of  navigation  or  future 
comparison),  the  crest  lines  of  the  bluffs  should  be  delineated  with 
nearly  the  same  accuracy  as  the  main  shore  line  but  in  ordinary  cases 
an  approximate  location  will  suffice. 

BAY  SYSTEM. 

Section  2. — Delaware  Bay  to  Winyah  Bay. 

(1)  The  scale  of  1-20000  should  be  adopted  for  this  section,  except 
near  large  towns,  where  1-10000  should  be  used. 

(2)  Accuracy  of  detail.  In  work  on  1-10000,  all  details  should  be  as 
accurate  as  in  section  1. 

The  following  paragraphs  refer  exclusively  to  work  on  1-20000. 

(3)  Prominent  objects  used  as  signals  or  pilot  marks  should  be  de- 
termined with  the  greatest  accuracy  which  the  scale  and  the  sheet  will 
permit. 

(4)  The  outer  shore  line  should  be  correct  within  25  metres. 

(5)  Inside  navigable  channels  should  be  located  within  25  metres; 
and  the  widths  of  such  passages  should  not  vary  more  than  10  metres 
from  their  true  values  when  the  whole  width  does  not  exceed  200 
metres. 

(6)  Unnavigable  rivers,  creeks,  and  ponds  should  be  shown  within 
50  metres  of  their  true  positions. 

(7)  Narrow  streams  through  wooded  valleys  or  swamps  should,  if 
practicable,  be  shown  within  100  metres. 

(8)  In  out-of-the-way  marshes,  broken  up  by  numerous  unnavigable 
creeks  and  openings  not  thoroughfares,  such  passages  may  be  very 
freely  generalized;  but  their  junctions  with  main  bodies  of  water  should 
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be  within  the  limit  of  error  adopted  for  shore  line  work  of  similar 
eliaracter. 

(9)  Marsh  lines  should  follow  the  same  rule  as  in  section  1. 

(10)  Outlines  of  woods  should  in  general  be  correct  within  100 
metres. 

(11)  Low-water  line  should  be  expressed  as  well  as  practicable  under 
* the  local  conditions,  and  generally  as  specified  in  section  1. 

(12)  llailroads  and  main  wagon  roads  should  not  be  in  error  more 
than  20  metres,  the  centers  of  the  roads  to  be  taken  as  their  true  lines. 

(13)  Park  roads  should  have  the  same  degree  of  accuracy. 

(14)  Ordinary  byroads,  wood  roads,  and  trails  may  deviate  100 
metres  between  terminal  points. 

(15)  Houses  should  be  shown,  subject  to  the  limitations  specified  for 
section  1,  except  that  the  limit  of  error  (as  in  the  case  of  roads)  may  be 
20  metres  ; also  barns,  when  of  sufficient  size  or  prominence  to  make 
them  desirable.  Special  care  should  be  taken  to  show  isolated 
buildings,  in  the  woods  or  elsewhere,  but  their  positions  need  not  be 
as  accurately  determined  as  in  section  1. 

(16)  Only  those  fences  which  are  notable  features  should  be  shown- 
upon  the  map. 

(17)  Elevations,  when  given,  should  be  as  accurate  as  in  section  1. 

Section  3. — Winyah  Bay  to  St.  John  River. 

(1)  Scale  as  in  section  2 (1-20000). 

(2)  Accuracy  of  detail  and  relief  as  in  section  2. 

“ DELTA  SYSTEM.” 

Section  4. — Mississippi  Delta. 

(1)  Scale  1-20000  for  main  river  channels  and  1-40000  for  all  other 
work. 

(2)  Accuracy  of  determination  should  be  in  proportion  to  the  scale 
used,  based  upon  that  adopted  for  section  2. 

u TEXAS  SYSTEM.” 

Section  5. — Texas. 

(1)  Scale  1-10000  at  important  passes  and  1-30000  on  all  the  rest  of 
the  coast. 

(2)  Accuracy  should  be  in  proportion  to  scale,  as  above. 

u PACIFIC  COAST  SYSTEM.” 

Section  6. — Southern  California. 

(1)  The  scale  should  be  1-10000. 

(2)  For  features  of  the  shore  line  and  other  detail  the  accuracy  of 
determination  should  be  as  in  section  1. 
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RELIEF. 

(3)  Up  to  500  feet  of  elevation  20-foot  contours  should  b£  expressed, 
or  up  to  200  metres  of  elevation  either  5 or  10  metre  intervals  should 
be  expressed,  according  to  the  character  of  the  region. 

(4)  Above  500  feet  50  or  100  foot  contours  will  suffice,  or  above  200 
metres  either  20  or  40  metre  intervals  will  suffice. 

(5)  The  determination  of  elevations,  when  the  relief  is  expressed  by 
20-foot  or  5 or  10  metre  contours,  should  be  as  accurate  as  in  section  1. 
When  only  100-foot  or  20  or  40  metre  contours  are  used,  the  elevations 
of  points  of  reference  should  be  obtained  within  6 feet  or  2 metres  and 
of  ordinary  plane-table  stations  within  10  feet  or  3 metres  of  their  true 
values. 

(6)  When  using  20-foot  or  5 or  10  metre  contours,  the  limit  of  error 
in  sketching  should  be  the  same  as  in  section  1. 

(7)  When  only  100-foot  or  20  or  40  metre  contours  are  necessary, 
their  deviations  from  accuracy  should  not  exceed  one  interval  (100  feet 
or  20  or  40  metres)  when  it  is  practicable  to  attain  this  degree  of  pre- 
cision. 

Section  7. — Northern  California. 

(1)  Scale  of  1-10000  should  be  used. 

(2)  Accuracy  of  detail  as  in  section  1. 

(3)  Contour  intervals  and  accuracy  of  contouring  as  in  section  6. 

Section  8. — Oregon  and  Washington. 

(1)  Scale  of  1-10000  should  be  used. 

(2)  Accuracy  of  detail  as  in  section  1. 

(3)  Contour  intervals  and  accuracy  of  contouring  as  in  sections  6 
and  7. 

Division  B. — Interior  Work. 

u PRIMARY  SYSTEM.” 

Section  1. — Rolling  lands , like  New  England , New * York , Northern 
New  Jersey,  etc.,  excepting  the  mountain  ranges. 

(1)  The  scale  should  be  1-30000. 

(2)  Plane-table  points  used  as  signals  should  be  as  accurate  as  the 
scale  and  material  worked  upon  will  permit. 

(3)  The  shore  line  of  navigable  rivers  and  lakes  should  not  be  in 
error  by  more  than  30  metres. 

(4)  In  work  upon  this  scale,  the  topographer  should  show  all  rail- 
roads, public  roads,  and  all  other  roads  (except  such  as  could  not  be 
used  as  thoroughfares),  canals,  farm-houses  (when  accessible),  swamp 
areas,  and  wood  outlines. 
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(5)  The  general  characteristics  of  streams  and  ponds  should  be 
shown,  without  too  close  attention  to  their  minute  sinuosities. 

(6)  Conventional  signs  should  be  used  for  the  representation  of 
houses,  villages,  and  towns. 

(7)  Baras,  outbuildings,  and  fences  should  be  omitted,  except  when 
the  barns  are  very  prominent  or  are  landmarks. 

(8)  Elevations  of  main  points  of  reference  should  be  within  5 feet,  or 
2 metres,  and  of  ordinary  plane-table  stations  within  10  feet,  or  3 
metres. 

(9)  The  contour  interval  should  be  20  feet  or  10  metres. 

(10)  Summit  contours  should  be  correct*  within  10  feet  or  3 metres, 
and  when  practicable  valley-floors  should  be  correct  within  the  same 
limit. 

The  location  of  intermediate  contours  should  be  as  close  as  the  scale 
and  condition  of  the  region  will  permit. 

COASTAL  PLAIN  SYSTEM. 

Section  2. — Flat  lands , like  southern  New  Jersey , Delate  are,  the  Chesa- 
peake Bay  region , and  the  Atlantic  coastal  plain  generally. 

(1)  The  scale  should  be  1-30000. 

(2)  The  amount  and  accuracy  of  detail  should  be  the  same  as  in  sec- 
tion 1 of  the  interior. 

(3)  In  this  kind  of  country  the  representation  of  relief  would  be  im- 
practicable without  great  expense  for  leveling. 

PRAIRIE  SYSTEM. 

Section  3. — Prairie  lands , like  those  of  Ohio , Indiana , and  Illinois. 

(1)  The  scale  should  be  1-30000. 

(2)  The  amount  and  accuracy  of  detail  should  be  the  same  as  in  sec- 
tion 1 of  the  interior. 

(3)  In  general,  the  relief  should  be  represented  when  practicable. 

(4)  The  contour  interval  should  be  in  general  50  feet,  or  20  metres, 
but  in  special  cases  the  topographer  may  use  curves  of  sinallef  interval 
at  his  discretion. 


GREAT  PLAIN  SYSTEM. 

Section  4. — Great  plains  of  the  West . 

(1)  The  scale  should  be  1-40000  and  signals  and  other  points  of  ref- 
erence should  be  determined  as  accurately  as  the  scale  and  the  sheet 
will  permit. 

(2)  All  streams  and  dry  water  courses  should  be  shown.  The  threads 
of  the  streams,  being  quite  indefinite  in  position,  may  be  freely  gen- 
eralized between  the  inclosing  bluffs. 
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regions. 

(3)  The  bluffs  should  be  represented  by  hachures  and  may  be  freely 
generalized,  the  general  forms  being  preserved  as  far  as  practicable. 

(4)  Railroads  and  main  routes  of  communication  should  be  shown 
and  should  be  accurate  within  40  metres. 

(5)  All  isolated  houses,  as  indicating  population  and  culture,  should 
be  shown  within  the  same  limit  of  error. 

(6)  Villages  and  towns  should  be  conventionally  represented. 

(7)  Fences  inclosing  Iprge  areas  should  be  shown,  but  all  other 
fences  should  be  omitted. 

(8)  Forests,  if  any,  should  be  shown,  also  belts  of  woods  along  water 
courses. 

(9)  Contours  should  be  shown  at  vertical  intervals  of  50  feet,  or  20 
metres,  and  in  case  of  suddeh  accidents  of  ground  the  topographer 
should  use  such  contour  intervals  as  he  may  think  necessary. 

PLATEAU  SYSTEM. 

Section  5. — Plateau  regions  of  Kentucky  and  Tennessee. 

(1)  The  scale  should  be  1-30000. 

(2)  Signals  and  other  details  should  be  represented  with  substan- 
tially the  same  accuracy  and  fullness  as  in  section  1 of  the  interior. 

(3)  The  elevations  of  points  of  reference  should  be  correct  within  10 
feet,  or  3 metres,  and  of  ordinary  plane-table  stations  as  near  that 
limit  as  possible. 

(4)  This  section  being  densely  wooded  and  very  broken,  the  contours 
can  only  be  approximate;  the  crests  and  valleys  should  receive  the 
most  attention,  to  represent  their  elevations  and  grades,  without  too 
much  refinement  in  horizontal  positions.  Contours  should  be  shown 
at  vertical  intervals  of  50  feet,  or  20  metres. 

(5)  When  the  plane-table  can  not  be  used  advantageously,  other 
suitable  instruments  may  be  utilized  as  auxiliaries.  In  country  of 
this  sort  a survey  to  be  made  within  a reasonable  time  and  at  a prac- 
ticable cost  must  be  chorographic  rather  than  topographic;  that  is, 
the  minute  features  of  the  relief  must  be  overlooked  and  only  the 
general  forms  represented. 

APPALACHIAN  SYSTEM. 

Section  6. — Appalachian  Mountain  system. 

(1)  The  scale  should  be  1-40000  and  signals  should  be  determined 
as  accurately  as  the  scale  and  material  worked  upon  will  permit. 

(2)  In  general,  this  section  will  come  under  the  same  treatment  as 
that  outlined  in  paragraph  5,  section  5. 

(3)  Railroads,  canals,  and  all  other  routes  of  communication  should 
be  shown,  the  railroads  and  canals  within  20  metres  and  other  routes 
within  40  metres. 
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(4)  Streams  and  ponds  should  be  shown,  when  practicable,  within 
the  limits  of  the  scale. 

(5)  Single  houses  should  be  shown  within  40  metres. 

(6)  Villages  and  towns  should  be  represented  by  conventional  signs. 

(7)  The  elevations  of  points  of  reference  should  be  determined 
within  10  feet,  or  3 metres,  when  practicable,  and  other  stations  should 
be  determined  as  closely  as  possible. 

(8)  The  contour  interval  should  be  100  feet,  or  40  metres,  with  50- 
foot  or  20-metre  auxiliary  curves,  when  necessary. 

(9)  The  hill  forms  should  be  generalized, .taking  care  that  the  sum- 
mits and  valleys  be  as  accurate  as  circumstances  may  permit. 

(10)  Eocky  cliffs,  precipices,  etc.,  should  be  indicated  by  hachures 
or  shading,  in  addition  to  the  contours. 

ROCKY  MOUNTAIN  SYSTEM. 

Section  7. — Rocky  Mountains. 

(1)  The  scale  should  be  1-40000  and  the  degree  of  accuracy  should 
be  the  same  as  in  section  6,  except  that  in  the  mountains  proper  more 
generalization  may  be  permitted. 

(2)  Existing  detail  should  be  shown  as  closely  as  the  scale  will 
permit. 

(3)  This  typical  section  being  much  mare  open  than  section  6,  much 
greater  accuracy  may  be  attained  in  the  determination  of  relief.  The 
plane-table  can  generally  be  used. 

(4)  The  elevation  of  points  of  reference  should  be  determined  within 
10  feet,  or  3 metres,  and  the  elevation  of  other  stations  should  be  as 
near  this  limit  as  practicable. 

(5)  The  contour  interval  should  be  100  feet,  or  40  metres,  with  50- 
foot,  or  20  metres,  auxiliary  curves,  when  necessary. 

(0)  The  summits  and  valleys  should  be  represented  with  all  practi- 
cable accuracy,  but  intervening  forms  may  be  freely  generalized. 

Section  8. — Sierra  Nevada  Mountains. 

The  northern  part  of  this  section  is  generally  wooded  and  should  be 
treated  like  section  6,  except  that  the  contour  interval  should  be  50  or 
100  feet,  or  20  or  40  metres. 

The  southern  part  resembles  section  7 and  should  be  treated  in  the 
same  way. 


Supplement  F. 


REPORT  OF  THE  COMMITTEE  ON  INSTRUMENTAL  METHODS, 
APPROXIMATE  COST  OF  SURVEYS,  ETC. 

[Presented  by  Assistant  J.  W.  Donn.] 

The  consideration  of  the  resolution  referred  to  the  committee  neces- 
sarily involves  the  subject  of  methods  now  in  vogue  representing  the 
execution  of  topography  of  the  highest  standard  compatible  with  the 
scale  and  purpose  of  the  work  as  a basis  for  comparison. 

It  may  be  advanced  as  an  axiom  that  the  purpose  in  a general  way 
indicates  the  scale;  otherwise,  given  the  purpose  of  the  survey,  and 
the  magnitude  of  the  scale  is  approximately  suggested.  In  the  order 
of  classification  of  the  general  grades  of  surveys,  those  known  as 
u critical”  occupy  the  highest  place  both  in  the  measure  of  accuracy 
and  cost.  Performed  mainly  for  constructive  purposes,  they  are  of 
such  a character  as  to  fully  subserve  those  purposes  both  for  present 
use  and  future  needs.  In  considering  the  cost  per  square  mile  of  such 
surveys  it  is  obvious  that  the  smaller  the  vertical  distance  between 
horizontal  contours,  the  greater  the  relative  expense  of  the  undertak- 
ing. It  is  safe  to  assume  that  the  survey  of  a given  area  upon  which 
contours  of  1 foot  (v.  d.)  are  delineated,  will  cost  approximately  three 
times  as  much  as  the  same  area  with  5-foot  contours.  The  cultural  and 
natural  details  otherwise  form  but  a comparatively  small  part  of  the. 
cost  of  such  work. 

In  general  terms  it  may  be  stated  that  in  a survey  upon  any  one  of 
the  scales  used  in  critical  work — 1-600, 1-1200,  1-4800,  or  1-5000 — with 
elevations  developed  by  5-foot  contours,  the  cost  should  not  exceed 
$900  per  square  mile.  In  exceptionally  difficult  areas,  with  high  and 
complex  configuration,  this  would  be  exceeded,  while  upon  ground 
simple  and  with  low  configuration  the  cost  might  not  exceed  $100  per 
square  mile.  All  cases  of  large  scale  work,  however,  should  be  treated 
according  to  the  character  of  locality,  and  it  is  therefore  manifestly 
impossible  to  make  a hard  and  fast  rule  as  to  cost  when  conditions  of 
surface  are  so  varied.  An  experienced  topographer  need  not  be  greatly 
perplexed  to  determine  the  question  of  cost  after  having  obtained 
a comprehensive  view  of  a prescribed  locality  ; but  to  say  in  advance 
of  such  action  what  should  be  the  expense  of  such  a survey,  would  be 
as  difficult  and  unreliable  as  a weather  forecast  six  months  ahead  of 
time.  But  special  cases  of  very  large  scale  critical  work  may  be  rele- 
gated to  a place  outside  of  the  subject  under  consideration. 

II.  Ex.  43,  pt.  2 — 41 
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Tlie  usual  scales  of  work — 1-10000,  1-20000,  1-30000,  1-40000 — are 
applicable  to  the  general  purpose  of  delineating  the  topography  of  a 
country.  In  the  execution  of  accurate  surveys,  each  has  a locative 
value  and  a delineative  power  commensurate  with  its  place  in  a definite 
system  of  measurements.  While  it  is  apparent  that  a scale  of  1-10000 
may  be  used  in  a locality  where  a comparatively  full  and  accurate 
survey  could  readily  be  obtained  through  the  medium  of  the  smaller 
scales,  without  loss  of  time  or  increase  of  cost,  it  is  equally  apparent 
that  the  smaller  scales  could  not  be  made  to  measure  up  to  the  possi- 
bilities of  the  former.  In  a country  of  varied  configuration  and  largely 
diversified  detail,  so  full  as  to  justify  all  the  care  and  refinement 
possible  with  the  larger  scale,  there  may  occur  a very  considerable 
tract  of  marsh  land,  sandy  waste,  or  wood  land,  virtually  barren  of 
topographical  details.  Uniformity  requires  the  extension  of  the  large 
scale  work  over  the  whole  area,  although  the  smaller  scale  would  com- 
pletely fill  all  the  needs  of  these  almost  featureless  parts.  But  the 
combination  of  these  areas,  embracing  the  largely  detailed  and  the 
featureless  within  the  same  project,  serves  the  purpose  of  decreasing 
the  cost  of  the  whole.  This  shows  that  the  scale  does  not,  within  any 
reasonable  degree  of  certainty,  indicate  the  cost.  All  things  being 
equal,  the  purpose  in  a general  way  defines  the  scale,  and  the  scale  the 
cost  of  the  survey.  But  here  the  question  of  personality  comes  in  as 
an  important  element  of  uncertainty;  for  of  two  individuals,  A and  B, 
A finds  no  difficulty  in  accomplishing  a given  result  in  a specified 
time,  while  B,  from  iuherent  difference  of  temperament,  mental  or 
physical  disqualification,  may  not,  with  the  expenditure  of  his  best 
powers,  be  able  to  reach  the  standard  of  A.  This  differentiation  of 
personal  attributes  or  conditions  enters,  unfortunately,  into  the  ques- 
tion of  expense.  In  quality  of  work,  B may  be  quite  equal  to  A,  but 
in  quantity  far  inferior.  It  follows,  if  this  be  so,  that  as  topographers 
must  differ  very  much  in  respective  excellence  the  variation  among 
them  in  judgment  in  this  matter  must  take  a much  wider  range  than 
that  in  the  case  cited.  It  becomes  thus  apparent  that  differences  in 
judgment,  as  applied  to  determinations,  even  within  any  given  scale, 
are  an  element  of  unassignable  difference  in  value. 

For  the  purpose  of  eliminating  as  much  as  possible  error  growing 
out  of  difference  in  judgment  among  men  as  applied  to  topography, 
reliance  must  be  placed  upon  a hand-book  for  topographers,  such  as  is 
in  contemplation  as  the  concluding  portion  of  the  labors  of  this  Con- 
ference. 

Taking  the  various  conditions  cited  above  and  the  differences  be- 
tween men  in  skill,  physical  qualities,  and  judgment,  the  difficulty  of 
determining  the  exact  cost  of  any  given  work  is  very  great,  that  is,  if 
the  area  to  be  surveyed  is  large  and  varied  and  tlie  time  limited,  re- 
quiring the  united  efforts  of  several  topographers  to  accomplish  it. 

The  instruments  used  have  but  small  part  in  altering  the  relative 
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conditions  among  a number  of  men.  By  a combination  of  the  best 
methods  of  instrumental  work  and  the  selection  of  topographers  ac- 
cording to  their  several  abilities,  the  cost  of  work  may  be  materially 
lessened  without  loss  of  accuracy,  but  the  degree  of  economy  still  re- 
mains an  unsolved  problem,  for  it  must  not  be  forgotten  what  a large 
part  climatic  conditions  may  play  in  the  matter.  To  illustrate  the 
effect  of  this,  reference  is  made  to  the  survey  of  Mount  Desert  Island. 
In  the  first  year  of  that  work,  a season  of  four  months’  duration,  one- 
fourth  of  the  time  was  lost  by  fog  and  rain.  In  the  second  year  a still 
longer  time  was  involved,  and  in  the  third  in  one  month  alone  there 
were  twenty-two  days  of  fog,  when  nothing  could  be  done  in  the  way  of 
field  progress.  It  is  hardly  necessary  to  say  that  the  cost  of  that  work 
was  largely  increased  by  the  vicissitudes  of  weather. 

For  the  work  of  the  future,  the  consideration  of  which  is  placed  upon 
us  in  compliance  with  the  instructions  of  the  Superintendent  for  a 
statement  of  u Methods  by  which  work  may  be  rendered  more  rapid 
and  less  expensive  without  material  loss  of  accuracy,”  the  following 
statement  is  presented,  beginning  with  a classification  of  the  several 
scales  of  topographical  work,  their  sphere  of  usefulness  as  to  locality 
and  adaptation  to  the  purpose  of  the  work  to  be  performed,  and  an  ap- 
proximate average  cost,  in  which  estimate  due  consideration  is  given 
to  the  several  retarding  influences  heretofore  mentioned. 

Four  orders  of  scales  are  given,  each  embracing  two  classes  or  varia- 
tions of  country. 

f Class  A — Regions  of  large  population,  high  configuration  or  relief,  largely 
varied  cultural  and  natural  detail.  Scale,  1-10000.  $60  per 
Order  I . { ' square  mile. 

I Class  B — Regions  of  similar  character  as  to  population  and  detail,  but 
[ low  relief.  $50  per  square  mile. 

f Class  A — Regions  moderately  populated,  high  relief,  but  of  inconsidera- 
ble cultural  and  natural  details.  Scale,  1-20000.  $40  per 

Order  II . { square  mile. 

| Class  B — Regions  similar  as  to  population  and  details,  but  low  relief, 
t $30  per  square  mile. 

f Class  A — Regions  of  rolling  prairie  lands,  moderate  as  regards  popula- 
Order  III ' tion  au(^  details.  Scale,  1-30000.  $15  per  square  mile. 

\ Class  B — Regions  described  as  plateau  timberless,  sparse  population, 
t fgw  natural  details.  $10  per  square  mile, 

f Class  A — Regions  of  grassy  lands,  or  lands  not  susceptible  of  much  culti- 
vation, small  areas  of  timber.  Scale,  1-40000.  $8  per  square 

Order  IV  \ mile. 

Class  B — Arid  lands  or  sandy  plains,  mountainous  regions,  and-flat  for- 
l est  lands.  $4  per  square  mile. 

The  above  estimates  embrace  only  the  cost  of  maintaining  parties 
in  tbe  field  while  executing  the  triangulation  and  topography.  The 
total  cost,  including  the  salary  of  the  chief  ot  party  would  increase  the 
amounts  from  25  to  50  per  cent. 

In  each  of  these  classes  there  are  vast  areas  where  climatic  condi- 
tions vary  greatly  from  great  heat  to  long  continued  intense  cold, 
excessive*  rains,  and  almost  entire  absence  of  rain. 
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By  curtailment  of  details  of  minor  and  comparatively  unimportant 
characteristics,  the  classes  under  Order  I may  readily  be  placed  under 
the  terms  as  to  cost  of  the  classes  under  Order  n.  There  need  be  no 
decrease  of  accuracy,  but  less  completeness  as  to  details.  The  impor- 
tant desideratum,  of  course,  in  all  classes  is  accuracy  in  as  large  degree 
as  the  scale  of  the  work  will  permit.  In  the  fourth  order  great  general- 
ization of  details  will  be  necessary,  especially  in  delineating  the  relief. 

A rule  that  may  be  applied  to  the  subject  is  that  the  lower  the  class 
the  smaller  the  degree  of  refinement  possible  and  the  more  infrequent 
the  recourse  to  instruments  of  precision. 

The  limit  of  error  should  never  exceed  the  capacity  of  the  scale.  In 
other  words,  each  feature  indicated  should  be  truthfully  represented; 
i.  e .,  while  the  minor  details  of  a ridge  or  valley  may  be  freely  general- 
ized, its  general  form  and  the  direction  of  its  axis  should  be  correctly 
given.  In  like  manner  the  outlines  of  a lake  or  pond  should  represent 
its  general  relative  proportions  and  location. 

ON  INSTRUMENTS. 

The  capabilities  of  that  instrument  of  instruments,  the  plane  table, 
and  its  unequaled  usefulness  in  every  order  of  work  named  above  are 
fully  understood  by  all  the  topographers  of  the  Coast  and  Geodetic 
Survey.  As  an  instrument  for  rapid  and  accurate  determination  of 
position,  it  stands  superior  to  all  others.  Its  auxiliary,  the  telemeter, 
in  facilitating  the  location  of  details  not  readily  determinable  by  inter- 
section, and  the  combination  of  the  two  with  the  Y level  and  rod, 
is  all  that  can  be  desired  in  large  scale  work.  In  the  ‘scales  of 
work  designated  by  Orders  in  and  IV  other  auxiliaries  may  with 
advantage  be  used.  The  small  railroad  transit  with  vertical  arc  is  an 
invaluable  instrument  in  running  traverse  lines  in  regions  of  timbered 
lands  where  points  of  observation  for  plane-table  stations  are  infrequent. 
The  sextant  also  has  its  use  in  minor  traverses  for  the  location  of  road 
junctions,  the  general  course  of  streams  and  their  confluence  with 
others,  and  other  objects  more  or  less  hidden  from  view  of  the  plane- 
table.  The  French  water-level  is  most  excellent  for  road  profile  and 
contour  sketching  and  the  Locke  level  in  a less  degree  can  be  used  to 
considerable  advantage.  The  small  traverse  plane-table  may  be  used 
in  small  scale  work  and  secure  good  results.  Other  very  valuable 
auxiliaries  recommended  are  the  distance  measure  of  Oertel  & Sons 
(Munich)  and  the  tachy graph ometer,  both  of  which  will  largely  aid 
in  the  production  of  rapid  and  economical  work. 

An  important  reduction  in  the  costf  of  topographical  work  may  be 
effected  by  placing  the  secondary  and  tertiary  triangulation  in  the 
hands  of  the  topographer.  A large  number  of  points  quite  useless  to 
the  topographer  are  determined  by  parties  unfamiliar  with  topograph- 
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ical  methods.  The  cost  of  such  triangulation  being  charged  agaiust 
the  topography  of  the  locality,  economy  can  surely  be  gained  by 
uniting  the  two  under  one  chief  of  party.  No  appreciable  delay  would 
be  caused  in  advancing  the  topography  and  no  points  would  be 
located  and  determined  that  did  not  bear  a closely  defined  relation  to 
its  needs. 

The  recently  improved  aneroid  barometer  can  sometimes  be  used 
advantageously,  but  it  is  extremely  doubtful  if  it  will  be  found 
judicious  or  economical  in  topographical  work,  excepting  in  cases  of 
extreme  difficulty.  In  a long  discussion  of  the  subject  of  barometric 
measurements  of  heights,  Mr.  G.  K.  Gilbert,  of  the  Geological  Survey, 
notes  the  effect  had  upon  the  barometer  in  high  winds.  In  a series  of 
observations  made  upon  Mount  Washington  he  detected  some  anoma- 
lous fluctuations  which  he  “was  enabled  to  trace  to  the  influence  of  the 
winds  upon  the  tension  of  the  air  in  the  observatory,  and  this  influence 
was  found  to  be  so  great  during  the  prevalence  of  gales  as  to  vitiate 
the  record  of  the  barometer.  The  error  amounted  in  some  instances  to 
the  one  hundred  and  eightieth  part  of  the  atmospheric  pressure  and 
affected  the  determination  of  altitudes  by  more  than  100  feet.77 

The  influence  of  humidity  and  temperature  and  the  errors  of  obser- 
vation all  make  up  a series  of  unsatisfactory  conditions,  not  easy  to 
eliminate  by  the  best  process  known  to  practical  men. 

Mr.  Gilbert,  in  his  conclusion,  states  that — 

In  any  survey  which  is  based  upon  triangulation,  the  points  occupied  are  inter- 
visible,  so  that  if  their  distances  are  not  great  it  is  possible  to  ascertain  their 
relative  altitudes  by  means  of  vertical  angles  and  with  a degree  of  accuracy  not 
attained  by  the  barometer. 

The  topographer  is  able  to  compute  the  relative  height  of  all  points  visible  to  him 
from  any  station,  provided  their  distances  become  known,  by  measuring  the  angle 
of  elevation  or  depression  which  they  subtend ; and,  since  other  stations  of  his  system 
are  always  included  among  the  points  of  observation,  he  is  able  in  this  manner  to 
carry  through  his  field  a connected  system  of  altitude  determinations. 

When,  in  the  progress  of  geographic  refinement,  the  stations  of  the  topographer, 
approach  so  near  to  each  other  that  the  precision  of  the  measurement  of  altitudes  by 
angulation  becomes  equal  to  the  precision  obtained  by  means  of  the  barometer, 
barometric  hypsometry  receives  at  once  a formidable  competitor.  Indeed,  it 
encounters  an  invincible  antagonist;  for  the  expense  of  reading  vertical  angles, 
when  it  is  performed  as  a mere  accessory  to  the  ground  work  of  the  topographer,  is 
notably  less  than  the  expense  of  transporting  and  observing  barometers.  The  most 
thorough  geographic  work  will  therefore  dispense  altogether  with  the  barometer. 

When,  in  connection  with  this  statement,  the  practical  method  of 
the  determination  of  altitudes^by  the  plane-table  alidade  is  considered, 
it  will  be  seen  how  expensive  and  slow  are  the  methods  of  barometric 
measurements.  From  ^tny  two  stations  forming  a base  of  proper 
length  a large  number  of  altitudes  can  be  readily  determined.  With 
the  plane-table,  therefore,  a topographer  thoroughly  familiar  with  its 
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capabilities,  is  never  at  a loss  as  to  the  means  by  which  any  difficulty 
encountered  is  to  be  overcome. 

The  camera,  in  connection  with  the  plane  table,  may  be  occasionally 
usefully  employed  in  the  representation  of  the  profiles  of  mountains 
aud  hills  in  bold  relief.  It  can  not  be  said  that  its  sphere  of  usefulness 
is  in  any  case  so  great  as  to  make  it  a formidable  rival  to  the  plane 
table.  While  its  delineation  of  clearly  discernible  topographical 
features  may  be  more  readily  obtained  as  a picture  or  series  of  pictures 
as  seen  by  the  eye,  the  exact  projection  of  those  lines  of  sight  making 
up  the  picture  upon  a geographic  plan  would  be  a slow  process,  and 
one  inferior  in  precision  to  the  lines  of  intersection  showing  the  same 
plan  as  drawn  upon  the  plane  table.  And  when  the  obscure  or  non- 
discernible  features  of  a locality  are  borne  in  mind,  and  there  are  but 
few  localities  where  such  are  not  found,  the  limitation  of  the  camera 
must  be  fully  seen. 

Applying  the  remarks  of  Mr.  Gilbert,  previously  quoted,  in  regard 
to  the  comparison  of  barometric  and  angulated  altitudes,  and  changing- 
expressions  to  suit  the  relative  influences  of  the  two  instruments,  we 
may  say : When  in  the  progress  of  geographic  refinement  the  deter- 
mining lines  of  the  alidade  drawn  upon  the  plane  table  approach  so 
near  the  lines  of  sight,  as  seen  in  the  pictures  represented  upon  the 
photographic  plate,  that  the  precision  of  their  intersections  becomes 
equal  to  the  precision  obtained  by  means  of  the  camera,  photographic 
topography  encounters  an  “ invincible  antagonist;”  for  the  expense  ot 
drawing  those  lines  in  the  field,  where  it  is  a mere  accessory  of  the 
general  work  of  the  topographer,  is  notably  less  than  the  expense  of 
producing  the  pictures  of  the  locality,  the  dqvelopment  of  its  lines  from 
camera  stations,  and  their  projection  to  scale  in  a geographic  plan;  to 
which  may  be  added  the  surely  attending  circumstance  that  .a  large 
afnount  of  detail  is  beyond  the  reach  of  a camera,  excepting  by  a 
multiplicity  of  views  from  a large  number  of  stations,  the  projection 
of  which  to  plan  would  be  conducive  to  delay  and  confusion. 

We  may  rest  satisfied  that  in  the  plane  table  we  have  the  highest 
type  of  an  instrument  for  topographic  work  yet  devised.  In  it  we 
find  simplicity  combined  with  precision,  rapidity  of  execution  with 
economy  of  labor,  and  adaptability  of  means  to  the  end  to  be  attained. 

In  the  accomplishment  of  topographical  work  of  minimum  expense, 
combining  accuracy  with  rapidity  of  execution,  it  is  unnecessary  to 
look  beyond  this  instrument  for  the  means  to  reach  the  desired  result. 
The  proposition  may  be  stated  thus : 

Given  the  character  of  a locality,  its  relative  relief,  its  cultural  and 
artificial  features  in  terms  as  stated  in  the  arrangement  of  classes,  and 
the  cost  may  be  approximately  expressed.  If  it  is  desired  to  conduct 
an  inexpensive  survey  over  a country  classed  under  a high  order,  the 
method  of  accomplishing  the  desired  result  will  be  apparent.  Accu- 
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racy  in  all  prominent  features  must  be  first  attained,  and  tlien  tlie 
degree  of  refinement  in  the  less  important  details  must  give  way  to  the 
exigencies  of  tlie  case.  Often  it  may  be  necessary  to  ignore  many 
details  to  keep  within  the  limits  of  available  means. 

An  estimate  for  the  approximate  cost  of  topographic  work  in  the 
typical  regions  is  herewith  submitted  ; the  figures  include  triangula- 
tion and  exclude  salaries  of  officers.* 


Refer  to  Supplement  C for  approximate  estimates  adopted  by  the  Conference. 


Supplement  G. 


FACTS  AND  POSSIBILITIES  IN  TOPOGRAPHIC  WORK. 

[By  Assistant  Aug.  F.  Rodgers.] 

The  evolution  of  modern  navigation  from  the  old  time  sailing  pack- 
etSj  plying  between  European  ports  and  those  of  the  United  States, 
often  blown  helplessly  out  of  their  true  course  by  adverse  winds  for 
weeks  at  a time,  up  to  the  present  “ocean  greyhounds”  rushing 
through  the  sea  on  schedule  time  with  almost  the  speed  and  precision 
in  arrival  and  departure  of  railroad  trains,  is  due  in  no  small  degree 
to  the  excellence  of  modern  charts  and  the  precise  knowledge  placed 
in  the  hands  of  the  navigator  through  the  Coast  Survey  of  the  United 
States  and  kindred  surveys  abroad. 

Carefully  determined  positions  of  light  houses,  of  headlands,  of  out- 
lying rocks,  and  of  coastline;  careful  observations  to  determine  the 
magnetic  declination  of  the  compass  needle,  that  mainstay  of  the  mar- 
iner, his  guide  over  the  pathless  ocean,  careful  observance  and  record 
of  tidal  phenomena  all  along  our  coast,  and  exact  methods  of  triangu- 
lation on  which  to  base  our  topographic  and  hydrographic  surveys, 
were  all  necessary,  before  safe  and  reliable  charts  could  be  placed  in 
the  hands  of  the  mariner  to  enable  him  to  properly  guard  the  human 
lives  and  valuable  cargoes  dependent  upon  his  intelligent  care. 

A “pretty  good  chart  only”  for  the  purposes  of  rapid  steam  naviga- 
tion, where  a ship  approaches  or  runs  along  the  coast  at  a speed  of  a 
mile  in  three  minutes,  would  be  as  little  acceptable  or  useful  to  the 
modern  mariner  as  “a  pretty  good  egg  only”  to  the  average  man — an 
offense  in  both  cases. 

Our  topographic  maps  along  the  seaboard,  made  for  chart  purposes 
and  for  military  use,  have  been  made  to  show  in  detail  contours  of 
level,  summit  elevations,  the  positions  and  relative  size  of  rocks  lying 
off  or  along  the  coast;  in  a word,  have  furnished  truthful  topographic 
delineations  of  the  lands  adjacent  to  the  seaboard,  including  all  cadas- 
tral or  cultural  features,  combining  results  of  value  to  the  mariner,  to 
military  defense,  to  the  farmer,  and  the  land  owner. 

Made  as  they  have  been  made,  our  surveys  have  furnished  a basis  of 
truth,  a solid  foundation  at  least,  to  build  county  and  State  maps  upon, 
along  the  whole  seaboard  of  the  United  States;  and  in  surveys  of  the 
interior,  wherever  our  geodetic  work  has  been  carried  it  is  accepted, 
and  it  may  well  be,  as  unquestioned  authority  upon  which  to  base 
State  work. 
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If  the  topography  of  the  Coast  and  Geodetic  Survey  should  be  car- 
ried further  inland,  the  work  already  done  will  afford  a starting  base 
for  future  operations,  but  the  special  conditions  of  exactitude  and  de- 
tail which  govern  the  seaboard  work  do  not  there  exist. 

As  an  illustration  of  the  difference  of  conditions,  there  are  still  great 
areas  in  the  great  West,  west  of  the  Rocky  Mountains,  so  sparsely  set- 
tled that  at  this  day  the  treatment  of  cadastral  or  cultural  features 
need  have  no  place  in  the  discussion  of  questions  of  proper  scale  or 
time  or  method  in  making  surveys  of  them. 

Many  of  these  areas  are  rainless  as  compared  with  eastern  areas, 
and  some  of  them  nearly  waterless,  and  thus  not  open  to  ready  settle- 
ment, but  the  valleys  and  plains  of  most  of  these  areas  would  u blossom 
as  the  rose”  if  moderate  irrigation  could  be  provided. 

The  hardy  growth  of  sage  brush  of  various  kinds,  covering  millions 
of  acres  of  wild  lands  in  the  public  domain  of  the  United  States,  seems 
from  repeated  experience  in  many  different  localities  to  indicate  a 
latent  strength  and  fertility  in  the  soil  that  water  and  the  plow  may 
develop  into  rich  arable  land. 

The  people  of  the  United  States  need  never  be  hopeless  of  these 
lands  of  theirs  after  the  recorded  experiences  of  the  French  Govern- 
ment and  engineers  in  bringing  areas  of  the  Saharan  desert  under 
cultivation,  through  abundant  water  furnished  by  artesian  wells. 

The  areas  spoken  of  are  cut  frequently  by  intercepting  ridges  of 
high  and  rock-ribbed  mountains,  with  elevations  running  up  to  10  000 
or  12  000  feet  above  sea  level,  their  summits  covered  with  snow  for 
several  months  in  each  year. 

These  areas  are  a part  of  the  great  farm  belonging  to  the  United 
States,  and  if  our  population  increases  for  the  next  one  hundred  years 
as  it  has  in  the  past,  they  must  all  be  brought  under  occupation;  and 
as  the  crowding  of  areas,  now  well  filled  by  population,  becomes  more 
and  more  felt,  money  must  be  spent  and  experiments  made  to  prove 
the  value  of  these  lands  for  homestead  purposes. 

In  this  view  alone  it  seems  evident  that  a certain  amount  of  defined 
knowledge  in  regard  to  relative  elevations,  present  natural  roads, 
mountain  passes  from  valley  to  valley,  water  courses  where  they  exist, 
and,  in  a word,  all  information  which  may  lead  to  a determination  of 
the  present  and  prospective  values  of  these  wild  lands,  would  be  of 
great  use  to  the  Government. 

It  seems  further  evident  that  the  survey  required  for  the  purpose 
indicated  might  be  on  quite  a small  scale  and  much  more  generalized 
as  to  details  than  would  have  been  either  practicable  or  profitable 
upon  the  seaboard  of  the  country. 

It  is  believed  that  even  such  generalized  surveys  would  be  very 
greatly  enhanced  in  value  and  without  material  increase  of  cost  by 
basing  them  always  upon  carefully  determined  triangulation  points, 
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thus  affording  the  means  of  joining  intelligently  and  accurately  at 
some  future  time  successive  areas  at  first  unconnected. 

These  stations  of  triangulation  once  occupied  and  marked  would  be 
available  for  future  work  for  all  time,  where  settlement  should  intro- 
duce new  features  and  develop  necessity  for  a more  complete  topo- 
graphic survey. 

The  triangulation  would  not  need  to  be  elaborate,  but  rather  of  a 
quality  to  carry  with  it  constant  evidence  of  the  degree  of  accuracy 
attained,  and  thus  avoid  with  certainty  the  element  of  indefiniteness. 

This  would  be  accomplished  by  the  occupation  of  all  the  stations  in 
any  main  scheme — thus  checking  the  filling  of  triangles — and  by  double 
determination  of  all  inferior  and  subsidiary  stations. 

These  determinations  by  theodolite  would  serve  as  a basis  for  locat- 
ing topographic  work,  even  if  detached,  in  such  a way  that  when  de- 
sired it  could  be  connected  intelligently  with  other  detached  areas. 

A theodolite  of  10  inches  diameter  reading  to  3 seconds  would  be 
quite  equal  to  the  requirements  of  the  triangulations  intended  to  be  out- 
lined. 

A plane-table  for  topographic  detail,  with  an  odometer  and  several 
aneroid  barometers  as  auxiliaries,  would  in  some  cases  facilitate  prog- 
ress. 

Absolute  elevations  at  distances  from  the  seaboard  could  be  deter- 
mined trigonometrically  and  from  known  datum  planes.  The  barom- 
eter, if  carefully  used  in  settled  weather,  would  furnish  approximate 
elevations. 

In  1875,  with  mercurial  barometers,  starting  from  the  datum  plane  of 
the  Central  Pacific  road  at  Redding,  Cal.,  by  synchronous  observa.- 
tions,  a Coast  Survey  party  obtained  the  elevation  of  Strawberry  Yalley 
at  the  foot  of  Mt.  Shasta,  and  by  similar  observations  at  the  summit 
of  the  mountain  and  at  Strawberry  Y alley  on  two  days  at  stated  hours, 
9,  12  and  3 p.  m.,  the  elevation  of  the  summit  was  approximately 
determined  to  be  14,440  feet*  above  sea  level,  with  a plus  or  minus 
correction  of  50  feet. 

With  the  admission  that  results  proportionally  close  for  general  con- 
tours in  a preliminary  survey  would  be  satisfactory,  it  is  evident  the 
barometer  could  be  used  to  advantage. 

Of  course  in  unsettled  weather  the  barometer  is  not  to  be  depended 
upon  for  elevations,  and  the  “pumping  of  a barometer”  as  sailors  call 
it  in  a storm,  has  been  noted  many  times,  and  especially  in  narrow 
gorges  in  California,  when  with  every  blast  of  wind  succeeded  by  a 
momentary  lull,  the  index  of  the  instrument  would  respond,  indicating 
by  its  rapid  motion  increased  and  suddenly  diminished  pressure  of  the 
atmosphere ; but  this  does  not  militate  against  the  use  of  the  barom- 
eter as  an  auxiliary  for  elevations,  under  proper  conditions. 

*An  approximate  determination  by  railroad  levels  and  vertical  angles  gives  14,350 
feet. 
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It  lias  been  shown  that  the  work  done  upon  our  seaboard  by  the 
Coast  and  Geodetic  Survey  has  been  generally  first- class,  and  that  it 
could  not  otherwise  have  met  the  requirements  of  modern  navigation ; 
leaving  out  of  consideration  the  advantages  in  such  complete  surveys 
to  studies  of  military  defense,  and  the  incidental  advantage  to  the 
farmer,  the  landowner,  and  the  great  land  traveling  public  of  our 
country.  It  has  been  shown  also  that  surveys  with  equivalent  infor- 
mation of  interior  regions,  largely  the  property  of  the  nation — a part 
of  the  national  domain  about  which  little  is  authentically  known  and 
where  authentic  information  must  be  desirable  to  the  owner,  just  as 
the  possibilities  and  the  capabilities  of  outlying  and  unimproved  lands 
of  the  private  farmer  would  be  a valuable  demonstration  to  him — could 
be  obtained  at  little  expense  compared  with  the  cost  of  surveys  of  sea- 
board areas. 

There  are  areas  yet  unsurveyed  which  would  require  much  less  de- 
tailed representation  than  the  areas  adjacent  to  the  seaboard,  but 
more  than  the  unsettled  areas  of  the  great  West ; and  a wise  discrim- 
ination will  be  necessary  in  making  recommendations  between  these 
classes  as  to  the  proper  scale  for  fieldwork,  the  amount  of  detail  that 
should  be  required,  and  that  just  expenditure  for  which  a truthful 
equivalent  in  results  may  with  certainty  be  rendered  to  the  nation. 

Unfortunately,  the  appearance  of  a map  is  not  always  evidence  of 
authentic  value  as  to  methods  or  results  in  the  survey  upon  which  it 
is  based  $ and  unless  its  groundwork  and  foundation  be  true,  and  may 
form  a useful  basis  for  development,  the  money  and  time  expended  in 
its  decoration  is  only  like  expensive  ornamentation  on  a rickety  house 
built  upon  a frail  foundation. 

SCALES  OF  TOPOGRAPHICAL  SURVEYS  OF  FOREIGN  GOVERNMENTS 
AND  THE  UNITED  STATES. 


Great  Britain 1-500  for  cities  and 

1-2500  for  country  in  general. 

France  (formerly) 1-2000  and  1-5000  for  fortified  places  and  vicinity. 

1-4000  for  country  in  general. 

France  (now) 1-10000  for  country  in  general  and 

1-20000  for  mountainous  districts. 

Algeria 1-40000  in  the  northern  parts  and 

1-100000  in  the  southern  parts. 

Belgium 1-20000. 

Denmark 1-20000. 


Holland  (old  survey) . . 1-25000. 

Holland  (new  survey) . 1-5000  (1874). 

Sweden  and  Norway . .1-20000  for  settled  districts  and 

1-50000  and  1-100000  for  the  northern  regions  and  high  moun- 
tains. 

Germany 1-25000  in  general  and 

< 1-10000  special  localities. 

1-500,  1-1000,  1-2500  for  engineering  purposes. 

1-125,  1-250,  1-500  for  cities  and  vicinity. 
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Austria 1-12500  for  special  localities  and 

1-25000  in  general. 

Switzer]  and 1-25000  in  general  and 

1-50000  for  mountainous  districts. 

Italy 1-25000  in  general. 

1-50000  for  mountainous  districts. 

1-10000  for  certain  seaports  and  vicinity. 

Spain  . . . * 1-25000. 

Portugal 1-50000  and 

1-100000. 

Russia 1-21000  for  settled  districts. 

1-42000  for  northern  provinces  and  for  (also 
1-84000)  the  great  steppes  of  the  east. 

Asiatic  Russia 1-17000  to  1-84000. 

Roumania 1-50000  and 

1-100000.  • 


UNITED  STATES  GOVERNMENT  SURVEYS. 


Lake  Survey  by  the  Engineer  Corps  U.  S.  Army 1-10000 

f 1-10000 

Coast  and  Geodetic  Survey <j  1-2000C 

( 1-40000 
f 1-600 

Coast  and  Geodetic  Survey,  special  surveys J 1-1200 

[ 1-4800,  etc. 
( 1-31250 

Geological  Survey j 3-450°0 

6 ) 1-62500 

[1-125000 


Supplement  I. 

REPORT  OF  THE  COMMITTEE  ON  “METHODS  OF  UNITED  STATES  AND 
FOREIGN  GOVERNMENT  SURVEYS.  ” 

[Presented  by  Assistant  W.  H.  Dennis.] 

Resolved,  That  a committee  of  five  (5)  be  appointed  by  the  chairman,  to  rep(?rt  on 
the  methods  of  making  topographical  surveys  by  the  several  Departments  of  the 
United  States  and  Foreign  Governments,  and  to  recommend  such  changes  or  im- 
proved methods,  if  any,  as  they  may  deem  of  advantage  to  the  work  as  now  exe- 
cuted by  the  U.  S.  Coast  and  Geodetic  Survey. 

Your  committee,  to  wliom  the  above  resolution  was  referred,  beg  to 
state  that  the  subject  has  been  quite  exhaustively  investigated,  con- 
sidering the  limited  time  at  its  command,  and  to  submit  the  following 
papers  as  its  report,  viz : Critical  surveys  for  special  purposes  in  the 
United  States  by  Assistant  J.  W.  Donn;  topographical  surveys  in  the 
United  States  and  in  Italy  by  Assistant  D.  B.  Wainwright;  surveys 
in  England  and  France,  and  notes  on  surveys  iu  Belgium,  Denmark, 
Holland,  Portugal,  Boumania,  Bussia,  Spain,  Sweden  and  Norway,  by 
Assistant  W.  C.  Hodgkins,  and  on  Germany,  Austria,  and  Switzerland 
by  Assistant  J.  A.  Flemer.  Mr.  Flemer  also  submits  a paper  on  pho- 
togrammetry.  On  this  subject  a subcommittee  was  appointed,  who 
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On  methods  of  United  States  and  Foreign  Government  Surveys. 

thus  far  have  been  unable  to  make  the  field  experiments  necessary  for 
a full  report.  It  is,  however,  the  opinion  of  the  committee  that  photo 
grammetry  woukl  be  of  little  or  no  value  in  making  surveys  of  exact 
scale. 

UNITED  STATES  COAST  AND  GEODETIC  SURVEY. 

In  a paper  on  cartography  submitted  by  Mr.  A.  Lindenkolil  of  the 
Coast  and  Geodetic  Survey  we  beg  to  refer  with  entire  approval  to  the 
statements  on  page  603  relating  to  linear  measure  and  to  the  plane  of 
reference,  and  from  the  investigations  your  committee  concludes  that 
it  is  unable  to  recommend  any  method  of  making  topographical  sur- 
veys that  would  be  an  improvement  on  that  now  in  use  in  our  own  service. 
Should  we  however  be  called  upon  to  make  surveys  over  more  extended 
areas,  in  mountainous  countries,  and  on  smaller  scales,  we  believe  that 
the  use  of  the  tachy meter  attachment  to  the  alidade;  the  distance 
measurer  by  Oertel  & Son,  Munich,  and  the  improved  aneroid  barome- 
ter would  be  of  great  advantage. 

CRITICAL  SURVEYS  FOR  SPECIAL  PURPOSES. 

[Presented  by  Assistant  J.  W.  Donn.] 

Surveys  of  this  character  have  been  undertaken  from  time  to  time 
by  the  Coast  Survey  during* the  past  thirty- five ’or  forty  years.  In 
many  instances  the  work  has  been  done  for  strictly  comparative  pur- 
poses, in  the  interest  of  a scientific  study  of  the  laws  governing  the 
formation  of  shoals,  the  dynamic  action  of  wave  motion  and  tidal 
currents  in  degrading  or  building  up  the  shores.  The  survey  of  Sandy 
Hook,  Rockaway  inlet  and  beaches,  Coney  Island  and  Vineyard  Sound, 
Hatteras  inlet  and  cape,  Cape  Rear  river  entrance  and  the  Missis- 
sippi delta  are  among  the  localities  where  special  resurveys  have  been 
required  because  of  ceaseless  fluctuation  in  their  character  and  con- 
ditions. 

The  special  surveys  of  New  Haven,  the  shores  of  the  Delaware  at 
Philadelphia,  the  Taunton  river,  Baltimore  harbor,  and  others,  are 
instances  in  point  of  work  done  largely  in  the  interest  of  improvements 
of  harbors  and  harbor  approaches. 

The  survey  of  Portland  city  and  harbor  which  was  urgently  called 
for  during  the  superintendency  of  Prof.  Benjamin  Peirce,  was  made 
under  a special  appropriation  authorized  by  the  municipal  authorities 
of  that  city.  It  had  for  its  object  the  improvement  of  the  water  front 
along  Fore  river  (the  Harbor  proper)  and  the  Back  Bay,  and  to  secure 
data  to  enable  a commission  to  make  a scientific  study  of  the  question 
involved,  viz : a large  reduction  of  the  water  area  of  the  Back  Bay  or 
basin  which  at  low  water  presented  a vast  expanse  of  unprofitable  flats 
through  which  a narrow  winding  stream  made  its  way.  The  city  au- 
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thorities  deemed  the  subject  of  such  importance  as  to  devote  $15,000 
to  a most  accurate  survey  of  the  whole  area  covered  by  the  city,  Fore 
river,  and  the  bay  above  mentioned. 

The  work  was  begun  by  the  Coast  Survey  in  the  summer  of  1868, 
and  the  methods  adopted  were  quite  similar  to  those  usually  practiced 
by  civil  engineers,  with  the  exception  that  a plane  table  was  used  for 
* the  determination  of  the  relief  indicated  by  contours  of  6-foot  interval, 
instead  of  a transit.  These  contours  were  run  in  by  level  determina- 
tion of  cross-section  stakes,  distances  measured  by  steel  tape  and 
plotted  upon  plane  table  sheets. 

In  1869  the  survey  was  continued,  the  summer  months  constituting 
the  season  of  practical  work.  The  manner  of  prosecuting  the  survey 
was  essentially  changed  from  the  method  used  the  previous  year.  The 
plane  table,  in  its  complete  adaptability  to  the  highest  as  well  as  the 
lowest  orders  of  surveys,  was  used  to  the  fullest  extent  of  its  locative 
power.  The  scale  of  1-1200  = 100  feet  to  the  inch,  represented  in  its 
full  plan  every  cultural  detail  in  the  city  and  suburbs  and  every  feature 
of  the  relief  capable  of  being  expressed  in  terms  of  the  6-foot  contour. 
Instead  of  cross-section  stakes,  as  in  the  previous  summer,  each  con- 
tour was  traced  by  the  level  rod  directed  by  the  level,  and  its  distance 
from  the  station  of  the  plane  table  determin  ed  by  steel  tape  measure- 
ments. Railroad  curves  were  located  by  plane  table  intersections,  as 
were  the  corners  of  houses,  angles  of  streets,  curb  and  building  lines. 

In  the  survey  of  Craney  Island,  Virginia,  made  in  1874  by  request  of 
the  Ordnance  Bureau,  U.  S.  Navy,  an  advance  was  made  in  the  method 
of  measurement  by  the  free  use  of  the  telemeter.  The  scale  of  this 
survey  was  also  1-1200,  but  the  contour  interval  was  1 foot.  How 
efficiently  the  telemeter  was  found  to  be  applicable  to  the  development 
of  the  relief  by  that  small  interval  is  shown  in  the  sheet  of  that  survey. 

The  most  extensive  survey  on  so  large  a scale  as  1-4800  ever  per- 
formed in  the  United  States  was  carried  over  the  area  of  the  District 
of  Columbia,  about  60  square  miles,  between  the  years  1880  and  1891. 
The  methods  of  work  used  for  the  Craney  Island  survey  were  adopted. 
Based  on  a sufficiently  minute  triangulation,  the  plane  table  and 
telemeter  and  the  wye  level  and  rod  were  used  for  all  determinations  of 
details.  The  relief  was  elaborately  indicated  by  contour  intervals  of 
5 feet.  The  datum  plane  furnished  by  the  Engineer  department  of 
the  District  of  Columbia  was  that  on  which  was  based  all  the  levels 
made  for  grades  of  streets  and  sewers  in  the  city  of  Washington.  The 
survey  being  especially  made  for  the  purpose  of  extending  streets  and 
avenues  beyond  the  city  limits,  and  involving  the  whole  subject  of 
future  grades  when  those  extensions  should  beco  me  necessary,  it  was 
entirely  appropriate  that  the  levels  of  the  survey  should  conform  to 
the  datum  given. 

From  this  datum  along  all  roads,  avenues,  and  railroads,  lines  of 
levels  were  run,  and  after  careful  checking  in  the  usual  manner  bench- 
marks were  placed  in  positions  convenient  to  all  parts  of  the  field. 
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Where  roads  were  infrequent,  lines  were  run  across  country  so  that  the 
sum  total  of  all  the  bench  marks  established  for  purpose  of  contouring 
ran  high  up  into  the  thousands.  The  plane-table  stations  were  estab- 
lished so  as  to  easily  reach  every  part  of  the  field  and  so  close  together 
that  it  was  generally  possible  to  encompass  the  distance  from  station 
to  station  when  intervisible,  by  readings  within  the  range  of  the  tele- 
meter. The  mode  of  procedure  was  as  follows:  The  plane  table  hav- 
ing been  placed  in  position  by  a graphic  solution  of  one  of  the  several 
methods  of  the  three  point  problem,  the  level  in  the  meantime  having- 
had  its  elevation  above  a near  bench-mark  determined  and  the  target 
of  the  level  rod  fixed  so  as  to  give  the  bottom  of  the  rod  when  its  target 
was  in  the  line  of  sight  with  the  level,  the  measure  of  a contour  inter- 
val above  or  below  the  bench-mark,  the  party  was  in  readiness  for 
making  an  advance  movement.  The  rodman  then  began  his  journey 
along  the  imaginary  horizontal  line  presenting  his  rod  vertically  held 
for  the  observation  of  the  leveler  at  each  noticeable  change  in  the  con- 
figuration of  the  ground,  and  when  the  target  had  found  its  place  in 
the  line  of  sight  in  the  level,  the  telemeter  rodman  presented  his  tele 
meter  held  as  nearly  as  practicable  perpendicular  to  the  line  of  sight 
from  the  alidade,  for  the  reading  of  the  distance  between  the  plane-table 
station  and  the  level  rod  when  held  at  the  point  in  the  contour.  This 
being  read  and  plotted  on  the  plane-table  sheet,  the  rodman  advanced 
along  the  line  as  far  as  the  distance  could  be  conveniently  read  from 
the  plane-table  station.  Generally  two  and  sometimes  three  contours 
were  thus  run  from  one  level  station  as  far  in  both  directions  as  the 
scale  of  the  telemeter  would  safely  permit.  After  the  limits  of  the 
distances  as  read  from  the  plane  table  were  reached,  a turning  point 
below  the  elevation  of  the  level  for  higher  or  lower  contours  was  fixed 
and  the  level  moved  to  another  position  and  its  elevation  determined. 

In  this  manner  many  thousands  of  miles  of  contours  were  run  over 
the  area  of  the  survey. 

The  plane-table  operator  in  this  work  had  no  idle  moments,  his  atten- 
tion being  constantly  fixed  on  the  movements  of  his  leveler  and  rodmen, 
excepting  when  the  new  position  of  the  level  was  being  taken.  Thus 
his  eyes  and  hands  were  busy  in  drawing  lines  of  intersection,  deter- 
mining the  numerous  other  details,  and  drawing  the  permanent  lines  of 
his  work. 
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METHODS  OF  TOPOGRAPHY  IN  THE  UNITED  STATES. 

[Presented  by  Assistant  D.  B.  Wainwriglit.j 

“ Quot  homines,  tot  sentential — many  men,  many  minds — may  well 
be  taken  as  the  text  of  any  account  of  the  topographical  surveys  of  the 
United  States. 

One  of  the  most  troublesome  questions  which  arise  in  treating  the 
subject  is  to  give  a good  definition  for  the  words  u topographical  sur- 
vey.” Anyone  who  may  go  out  and  make  a sketch  of  a certain  area, 
jotting  down  the  relative  positions  of  certain  features  of  the  earth’s 
surface,  may  return  with  the  idea  that  he  has  made  a topographical 
survey.  Another  with  more  purposes  in  view,  more  requirements  to 
be  satisfied,  will  name  the  foregoing  a sketch,  and  to  fulfill  his  wants 
will  use  a compass  and  some  simple  means  for  measuring  distance. 
With  these  he  will  determine  a number  of  prominent  features,  sketch 
the  intervals  between  them,  plot  the  whole  to  scale  on  a sheet,  and, 
unless  he  is  a man  of  rare  modesty,  the  words  u topographical  survey” 
are  sure  to  appear  conspicuously  in  the  title. 

And  still  another,  from  his  point  of  view,  will  call  the  preceding 
result  a reconnaissance,  and  will  proceed  to  map  the  country  with  more 
refined  methods,  employing  a greater  number  of  instruments,  and 
obtaining  a greater  number  of  details. 

And  so  we  advance  in  an  ascending  scale,  until  the  large  cadastral 
surveys  are  reached,  where  even  the  ground  plans  of  small  houses  are 
faithfully  shown,  and  the  relief  is  expressed  by  contours  of  small  inter- 
val. The  varieties  of  instruments  used  have  been  as  numerous  as  the 
different  classes  of  work  'performed. 

The  simplest  instrument  that  I am  aware  of  was  employed  far  back 
in  the  thirties.  In  this  case,  I am  credibly  informed,  the  topographer 
traversed  some  hundreds  of  miles  of  New  Jersey  roads,  using  the  stride 
of  his  horse  for  measuring  the  distance,  and,  having  on  the  back  of  his 
left  hand  a quadrant  marked  off  in  ink,  he  determined  the  angular 
turns  by  sighting  his  right  hand  over  this  most  novel  graduation. 

This  instrument,  I believe,  was  only  employed  by  its  inventor,  but 
is  mentioned  here,  not  only  because  it  is  unique  on  account  of  its  origi- 
nality and  simplicity,  but  it  plainly  exemplifies  the  fact  that  a Coast 
Survey  officer  can  use  u cheap  ” instruments  when  necessity  requires 
him  to  give  cheap  results. 

From  this  simple  type  there  is  a range  of  choice  through  many  forms 
of  varying  complexity,  until  we  arrive  at  the  modern  plane  table  as 
manufactured  for  the  Coast  and  Geodetic  Survey,  which,  while  it  is 
still  susceptible  of  further  improvement,  stands  in  my  estimation  pre- 
eminent as  the  instrument  for  the  topographer. 

The  military  expeditions  sent  out  by  the  Government  in  the  early 
part  of  the  century  into  the  then  unknown  West,  all  obtained^in  their 
explorations  material  for  charting  the  country  traversed.  With  long 


REPORT  FOR  1891 — PART  II. 


657 


Methods  of  topography  in  the  United  States. 

distances  to  pass  over  and  great  hardships  to  contend  against,  the  in- 
strumental work  was  necessarily  of  the  crudest  sort. 

The  geological  reports  of  the  various  States  all  have  maps  accom- 
panying them.  These,  however,  were  mostly  compiled  from  land  sur- 
veys, and  the  geologists  almost  invariably  complain  of  their  inaccuracy, 
and  urge  the  necessity  of  regular  topographical  surveys. 

The  surveys  of  Hayden,  Powell,  King,  and  Wheeler  were  all  intended 
to  cover  in  a short  space  of  time  large  areas  of  country  of  which  little 
was  known,  and  a large  portion  of  which  consisted  of  mountains  of  the 
most  rugged  description.  The  details  were  determined  from  meander 
lines,  generally  controlled  by  triangulation,  and  the  elevations  attained 
by  barometer. 

The  survey  of  the  Adirondack  wilderness  in  New  York,  by  Colvin, 
was  made  in  a more  precise  manner.  With  a base  derived  from  the 
triangulation  of  the  Coast  and  Geodetic  Survey  a scheme  was  developed 
covering  this  region  with  a number  of  well-determined  points.  The 
observations  were  made  with  a theodolite,  and  careful  attention  paid 
to  details.  The  prominent  peaks,  summits,  ridges,  valleys,  and  lakes 
were  determined  by  intersections  from  the  triangulation  stations,  and 
those  of  minor  importance  sketched  in. 

For  ascertaining  the  heights,  and  plotting  the  relief,  a mercurial 
barometer  was  employed — the  aneroid  proving  too  unreliable.  Dudley 
Observatory  was  used  as  a point  of  reference  for  the  whole  survey,  and 
numerous  base  stations  were  determined  by  synchronous  observations. 
These  stations  were  situated  at  the  foot  of  the  mountains,  and  served 
to  check  the  observations  taken  at  a greater  altitude,  when  local  atmos- 
pheric disturbances  rendered  a direct  comparison  misleading. 

An  error  ot  70  feet,  Mr.  Colvin  states,  might  have  crept  into  the 
determination  of  some  of  the  peaks  but  for  this  precaution.  It  was 
also  noted  that  the  mountain-locked  valleys  were  peculiarly  subject  to 
irregular  changes,  local  in  character. 

The  inventive  faculty  seems  to  be  well  developed  in  the  true  topog- 
rapher; and  it  is  hardly  a source  of  wonder  when  we  recall  the  endless 
variety  of  difficulties  he  is  constantly  meeting,  requiring  prompt  solu- 
tion, and  which  are  only  overcome  by  a resort  to  clever  devices.  One 
instance  of  this  talent  has  already  been  given.  Mr.  Colvin  illustrates 
his  report  with  several  examples. 

The  height  of  some  inaccessible  peak  being  desired,  it  was  deter- 
mined from  one  of  greater  altitude  by  occupying  a point  on  the  side  of 
the  latter  where  a telescopic  level  would  indicate  that  a horizontal  line 
would  pass  tangent  to  the  top  of  the  former.  The  distance  being 
known  from  intersections,  the  combined  correction  for  curvature  and 
refraction  is  added  to  the  altitude  of  the  point  of  observation  as  given 
by  the  corrected  barometric  reading,  and  the  result  will  be  the  desired 
height  of  the  distant  peak. 

H.  Ex.  43,  pt.  2—42 
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Iii  the  case  of  a lake  so  hidden  away  in  the  forest  that  it  was  impos- 
sible to  fix  its  position  by  ordinary  means,  a calm  night  was  chosen, 
and  observers  being  stationed  at  known  and  commanding  points  a 
rocket  was  fired  from  the  edge  of  the  lake  at  a given  signal  and 
observed  upon  with  the  instruments.  Should  this  lake  also  have  such 
an  extent  of  shore  line  as  to  make  it  requisite  to  determine  more  points 
along  its  borders,  Mr.  Colvin  would  obtain  these  by  having  recourse  to 
a modification  of  the  old  expedient  of  boat  and  mast,  so  familiar  in 
Bowditch  for  a harbor  survey. 

Selecting  a tree  growing  on  the  edge  of  a semicircular  bay,  a signal 
is  set  up  at  its  foot.  Another  is  placed  52*4  feet  higher  up  on  the 
trunk.  Taking  a sextant  and  setting  the  vernier  to  read  3°,  a search 
is  made  along  the  shore  of  the  bay  until  the  upper,  as  reflected, 
coincides  with  the  lower  signal ; this  point  will  then  be  1000  feet  dis- 
tant from  the  tree.  From  this  base  the  triangulation  proceeds. 

The  Engineer  Corps  of  the  TJ.  S.  Army  seems  to  have  borrowed  the 
traditions  of  their  English  brethren  of  the  Ordnance  Corps.  On  the 
Survey  of  the  Northern  and  Northwestern  Lakes,  conducted  by  the 
Corps  of  Engineers,  the  topography  was  executed  in  substantially  the 
same  manner  as  the  English  Ordnance  Survey,  with  this  exception: 
the  distances  on  the  meander  lines  were  measured  by  means  of  stadia. 
Based  on  a rigid  triangulation,  the  topography  was  obtained  by  setting 
up  a theodolite  at  one  of  ‘the  stations  and  running  a traverse  line  to 
another  triangulation  point,  measuring  the  angles  and  distances  on 
the  way  to  such  details  as  were  visible  from  the  line.  The  probable 
error  for  any  one  of  these  lines  was  found  to  be  1 in  649. 

The  contours  were  drawn  from  heights  determined  by  vertical  angles. 
The  interval  was  from  10  to  20  feet.  The  scale  10000. 

Here  it  seems  pertinent  to  inquire  into  some  of  the  causes  which  led 
the  Ordnance  Corps  to  reject  the  plane  table,  since  their  great  survey 
has  exerted  a powerful  influence  on  the  choice  of  methods  elsewhere. 
With  the  whole  of  Europe  unanimous  in  favor  of  the  plane  table,  why 
should  Great  Britain  discard  it?  The  answer  is  readily  found  when 
we  call  to  mind  the  climate  of  those  islands,  which  is  proverbial  for  its 
inclemency.  With  a survey  executed  on  a large  scale,  with  numberless 
distances  to  be  plotted,  it  is  a serious  objection  in  such  a country  to 
have  to  depend,  as  is  necessary  with  the  plane  table,  on  a material 
like  drawing  paper,  which  expands  and  contracts  according  to  the 
moisture  in  the  atmosphere,  not  equally  in  all  directions,  for  that 
would  be  merely  a change  of  scale,  but  about  one-fifth  more  in  length 
than  in  breadth. 

In  our  climate,  if  due  care  is  taken  as  to  the  exposure  of  the  sheet, 
and  on  work  well  controlled  by  tri angulation,  this  contortion  is  of  less 
importance.  However  there  are  always  some  days  in  a season  when 
the  conditions  would  be  favorable  for  plane-table  work  were  it  not  for 
the  dampness  in  the  atmosphere.  This  time  we  utilize  in  erecting  sig- 
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nals,  sketching,  etc.,  hut  in  Great  Britain  the  number  of  such  days  is 
so  out  of  proportion  to  the  number  of  good  days,  that  the  use  of  a 
plane  table  with  a sheet  made  of  backed  paper  is  out  of  the  question. 
Happily  we  seem  now  in  a fair  way  to  obtain  a substitute  for  paper, 
and  thus  get  rid  of  a serious  objection  to  the  use  of  the  plane  table  in 
all  climates. 

As  to  the  comparative  cost  of  the  two  methods,  the  testimony  is 
in  favor  of  the  plane  table.  It  is  a specious  argument  to  estimate  the 
cost  of  topography  per  square  mile  in  one  country  by  one  method 
and  compare  it  with  the  cost  per  square  mile  in  another  country  by 
another  method.  The  conditions  may  be  very  different.  A favoring 
climate,  a simple  terrene,  and  a lack  of  check  work  may  all  make 
the  more  expensive  process  appear  the  cheapest.  But  we  have  in 
this  country  two  pieces  of  work  where  the  conditions  were  substan- 
tially the  same — the  Lake  survey  before  referred  to,  and  our  survey 
of  some  portions  of  New  England.  Both  were  executed  witfo  the 
strictest  attention  to  accuracy ; both  had  long  stretches  of  shore  line; 
the  climatic  conditions  similar,  if  not  more  favorable  to  the  Lake  Sur- 
vey. Gen.  Comstock  reports  the  cost  of  the  topography  of  the  Great 
Lakes  as  $151  per  square  mile;  a former  superintendent  of  the  Coast 
and  Geodetic  Survey  (C.  P.  Patterson)  places  the  highest  cost  per  square 
mile  for  the  New  England  coast  at  $97. 

Another  point  urged  in  favor  of  the  traverse  method  is  the  number 
of  checks  it  receives  before  being  accepted.  Capt.  Boyce  in  the  dis- 
cussion of  Mr.  Josiah  Pierce’s  lecture  on  the  use  of  the  plane  table 
enumerates  a long  list  practiced  in  the  Ordnance  Survey.  Now  all 
these  checks  take  time,  and  add  to  the  cost  of  this  final  result.  Given 
a proportionate  amount  of  time  and  money  the  work  of  the  plane 
table  can  always  be  checked.  From  two  commanding  stations  the  accu- 
racy of  the  survey  of  a large  area  can  be  determined  with  unequaled 
rapidity.  It  is  a lack  of  check  of  some  of  the  work  done  in  this  coun- 
try which  has  thrown  discredit  on  this  method.  An  attempt  to  cover 
large  areas  at  small  cost,  has  resulted  in  the  acceptance  of  all  matter, 
good,  bad,  and  indifferent,  and  from  this  mass  of  incongruity  is  evolved 
a map,  fair  in  appearance  and  false  in  detail. 

% 

METHODS  OF  TOPOGRAPHICAL  WORK  ADOPTED  BY  THE  U.  S. 

GEOLOGICAL  SURVEY. 

The  Geological  Survey,  whose  methods  and  instruments  are  more 
akin  to  our  own  than  those  of  any  other  bureau  under  the  Government, 
commenced  during  the  past  decade  numerous  topographical  surveys  in 
various  parts  of  our  territory.  Mr.  Henry  Gannett  in  Science,  July 
1887,  outlines  the  methods  pursued. 

The  scale  for  the  published  maps  adopted  for  populous  regions  was 
62500,  or  about  one  inch  to  the  mile;  for  the  Southern  and  Central 
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States,  125000;  for  the  sparsely  settled  regions  of  the  Kocky  Moun- 
tain Plateau,  250,000;  and  the  field  sheets  to  he  twice  the  scale  of  the 
published  maps.  They  represent  all  natural  features  of  drainage  and 
relief  in  degree  of  detail  proportional  to  scale.  The  relief  is  expressed 
by  contours,  and  the  interval,  according  to  the  horizontal  scale  and 
degree  of  relief  of  the  country,  ranges  from  10  to  200  feet;  the  smallest 
contour  interval  accompanying  the  largest  scale  and  vice  versa. 

The  topographic  work  is  in  part  prosecuted  by  plane  table,  using  it 
by  the  method  of  intersections  and  in  part  by  traverse  methods.  Both 
were  used  in  Massachusetts.  New  Jersey  was  traversed  with  a com- 
pass and  odometer,  the  relief  being  determined  by  the  wye  level;  the 
District  of  Columbia  by  telemeter  traverse;  the  Appalachian  region 
mainly  by  compass  and  odometer,  the  elevations  by  barometer  and  ver- 
tical circle.  In  Missouri  and  Kansas,  data  were  compiled  from  the 
General  Land  Office  and  the  heights  measured  by  barometer,  making 
use  of  railroad  profiles  wherever  practicable.  The  Dismal  Swamp, 
Virghiia,  was  traversed  by  plane  table  and  odometer ; the  contour  in- 
terval was  5 feet,  determined  by  the  wye  level. 


Scale. 

Cost  per 
square  mile. 

Massachusetts. 

New  Jersey. 

District  of  Columbia. 
Appalachian  region. 
Missouri  and  Kansas. 

62500 

62500 

62500 

125000 

125000 

$12-00 

6-50 

7*30 

3-00 

•90 

NoAn 

Some^A11 

From  Mr.  Gannett’s  “ Survey  and  Map  of  Massachusetts,”  National 
Geographic  Magazine,  Yol.  I,  No.  1, 1 have  abstracted  the  following: 

For  convenience  the  field  work  was  done  on  a scale  of  30000 ; the 
relief  was  expressed  in  contour  lines  traced  at  vertical  intervals  of  20 
feet.  The  map  represents  all  streams  of  magnitude  sufficient  to  find 
place  on  the  scale;  and  all  bodies  of  water,  as  lakes,  swamps,  marshes, 
etc.  It  also  contains  all  towns,  cities,  villages,  post-offices — in  short,  all 
settlements  of  any  magnitude — all  railroads,  and  all  roads  with  the  ex- 
ception of  such  as  are  merely  private  ways;  all  public  canals,  tunnels, 
bridges,,  ferries,  and  dams.  There  were  excluded  private  roads,  fences, 
various  kinds  of  crops,  and  at  first  isolated  houses;  but  subsequently, 
in  response  to  the  urgent  wish  of  the  Commissioners,  the  Survey  con- 
sented to  locate  the  houses  upon  the  field  maps.  Forest  areas  are 
shown  on  the  original  sheets. 

There  were  upward  of  500  triangulation  points,  mostly  determined 
by  the  Coast  and  Geodetic  Survey,  but  in  part  by  the  Borden  Survey 
and  the  Geological  Survey. 

Throughout  most  of  the  western  part  of  the  State  the  work  was 
done  entirely  with  the  plane  table,  using  the  methods  of  intersec- 
tions. The  plane  tabler,  starting  with  three  or  mine  locations  upon  his 
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sheet,  furnished  by  the  triangulation,  expanded  over  the  sheet  a 
graphic  triangulation.  This  was  done  beforehand,  before  the  sheet  had 
an  opportunity  to  become  distorted  by  alternations  of  moisture  and 
drying.  This  done,  the  plane  tabler  went  on  with  his  usual  routine 
work,  locating  minor  points  and  sketching  the  topography  in  contours. 

Elevations  were  determined  as  the  work  progressed  with  the  vertical 
circle  of  the  alidade,  and  minor  differences  of  elevation  between  points 
whose  height  was  known  were  measured  by  the  aneroid  barometer. 

The  large  plane  table  of  the  Coast  and  Geodetic  Survey  was  first 
used,  then  the  smaller  form;  finally  the  one  designed  by  Mr.  W.  D. 
Johnson,  of  the  Geological  Survey,  which  is  substantially  a modifica- 
tion of  the  ball  and  socket  movement,  was  adopted. 

In  the  undulating,  forest- covered  regions  of  the  southeastern  part  of 
the  State,  the  roads  and  principal  streams  were  traversed  with  theodo- 
lite and  stadia;  and  from  these  lines  the  country  lying  between  them 
was  located  and  sketched. 

The  area  surveyed  by  the  method  of  intersections  exclusively  com- 
prises 3 500  square  miles,  about  three-fifths  of  the  State.  In  this  area 
3 123  stations  were  occupied  by  the  plane  table,  or  slightly  less  than 
one  to  the  square  mile.  Besides  these,  17  846  points  were  located  in 
this  area  by  intersections,  making  a total  of  20  969  locations  within  the 
area,  or  6*2  horizontal  locations  per  square  mile.  In  the  same  area  the 
heights  of  34  893  points  were  measured,  being  10  per  square  inch  of  the 
published  map. 

The  area  surveyed  by  the  traverse  method  is  2 800  square  miles.  In 
this  area  5 615  miles  of  traverse  lines  were  run,  being  2*2  linear  inches 
per  square  inch.  In  running  these  lines  46  524  stations  were  made 
with  the  theodolite,  being  8-3  per  linear  mile  of  traverse  and  18*6  per 
square  inch  of  map.  The  number  of  measurements  of  height  was 
92  561,  being  37  to  the  square  inch.  The  plane-table  party  consisted 
of  one  man  and  assistant,  and  was  furnished  with  a horse  and  buggy. 
In  the  traverse  work  the  party  consisted  of  a traverse  man  and  a rod- 
man.  No  horse  and  buggy  was  furnished.  The  average  output  per 
working  day  of  the  plane  tabler  has  been  for  the  whole  survey  3T 
square  miles,  and  of  the  traverse  man  2*8  square  miles. 

DETAILED  TOPOGRAPHICAL  SURVEY  OF  THE  CITY  OF  ST.  LOUIS,  MO. 

A large  scale  (1-2400)  survey  of  St.  Louis,  Mo.,  has  been  in  progress 
since  1889. 

It  is  based  on  points  derived  from  the  transcontinental  triangulation 
of  the  Coast  and  Geodetic  Survey.  Numerous  bench  marks  were 
established  and  the  average  error  of  closure  of  level  lines  was  0*013 
feet  per  mile.  The  party  consists  of  1 topographer,  1 recorder,  3 stadia 
men,  and  1 utility  man.  A Buff*  & Burger  transit  is  employed,  read- 
ing horizontal  angles  to  10  seconds  and  vertical  angles  to  1 minute. 
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The  stadias  were  12  feet  long  and  distances  could  be  read  by  them  to 
458  metres. 

Intermediate  distances  between  bench  marks  were  determined  by 
vertical  angles. 

All  traverse  lines  began  and  ended  at  a triangulation  point,  or  other 
station  on  connecting  lines.  The  contour  planes  were  3 feet  apart. 
Number  of  elevations  per  acre,  3-65.  Scale,  2400.  Contour  planes,  3 
feet  apart. 

Cost  of  triangulation.  . . .$i8i2'oo 


Cost  of  leveling 2762 ‘oo 

Cost  of  topography 6060 -oo 

Cost  of  office 6266  00 


Average  cost  per  square  mile  $724'5o,  or  $ri3  per  acre. 

Central  Park,  Fairmount  Park,  and  other  localities  were  surveyed 
with  the  plane  table  by  corporations  and  private  individuals,  but  the 
processes  employed  do  not  present  any  peculiar  features  that  I am 
aware  of. 

The  purpose  of  this  paper  has  been  to  note  briefly  the  various 
methods  employed  in  this  country  and  to  give  a succinct  description  of 
several  surveys,  each  one  of  which  seemed  typical  of  a class. 

Our  own  topographical  surveys  illustrate  the  healthy  growth  of  an 
organization  in  which  the  vital  principles  of  accuracy,  adaptability, 
and  improvement  are  manifest. 

The  end  to  be  attained  lias  always  been  kept  in  view,  and  the  pur- 
pose has  always  specified  the  means  for  its  attainment.  A rigid 
adherence  to  a high  standard  of  accuracy  where  small  errors  would 
involve  the  peril  of  many  lives  or  great  wealth  has  been  sturdily  main- 
tained against  a constant  and  persistent  pressure  for  more,  if  inferior, 
results. 

Yet  when  the  purpose  has  been  the  greatest  amount  of  information 
in  the  shortest  time,  and  preciseness  a minor  consideration,  our 
methods  have  proved  sufficiently  elastic  to  adapt  themselves  to  the 
needs  of  an  army  in  a strange  country. 

During  the  war  of  the  rebellion  large  areas  were  covered  by  Coast 
Survey  officers  attached  to  the  various  armies,  and  yet  such  was  their 
skill  that  their  sketches  often  misled  many  into  supposing  them  to  be 
finished  instrumental  surveys. 

A story  is  told  of  a certain  engineer  officer  who  was  deceived  in  this 
manner,  and  after  locating  his  earthwork  by  means  of  a sketch 
growled  vigorously  because  he  could  not  also  compute  the  amount  of 
excavation  by  it.  In  all  probability  the  sketch  covered  4 square  miles 
and  was  the  result  of  half  a day’s  work. 

These  military  surveys  are  an  example  of  our  most  rapid,  and  the 
cadastral  surveys  for  harbor  and  city  improvements  specimens  of  our 
most  painstaking  and  accurate  work. 

In  nearly  all  the  plane  table  was  employed  and  has  proved  its 
efficiency. 
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In  closing  I would  state  that  there  are  certain  conclusions  which 
force  themselves  on  one  in  going  over,  even  hastily,  the  subject  of 
topographical  surveys,  and  they  are : 

(1)  The  plane  table  in  this  country  is  the  most  suitable  instrument 
for  all  classes  of  work. 

(2)  It  is  still  susceptible  of  improvement. 

(3)  A new  material  for  plane  table  sheets  is  urgently  needed. 

(4)  Compilations  from  any  source  are  to  be  distrusted  and  only 
accepted  after  careful  verification. 

(5)  A thorough  system  of  inspection  and  checks  should  prevail  in 
all  plane-table  work.  The  method  should  not  depend  aloue,  as  it 
sometimes  does,  on  the  unknown  quantities  of  the  topographer’s  skill 
and  honesty.  A good  inspection  would  soon  pick  out  the  incompetent, 
compel  the  careless  man  to  do  more  accurate  work,  and  the  skillful 
and  conscientious  topographer  would  be  stimulated  by  having  the 
difficulties  and  excellences  of  his  labors  appreciated. 


TOPOGRAPHICAL  METHODS  OF  THE  U.  S.  COAST  AND  GEODETIC  SURVEY. 

[Presented  by  Assistant  D.  B.  Wainwright.] 

An  exposition  of  the  instrumental  and  personal  processes  necessary 
for  a precise  and  intelligible  representation  of  nature ; especially  those 
processes  peculiar  to  the  plane  table,  and  which  constitute  its  special 
power  and  opportunity,  sets  forth  the  chief  method  of  topographical 
work  used  by  the  Coast  and  Geodetic  Survey. 

This  paper  is  largely  composed  of  extracts  from  Assistant  E.  Her- 
gesheimer’s  treatise  * on  the  plane  table,  re-arranged  for  this  purpose 
and  with  additions  which  seemed  necessary  to  bring  out  more  clearly 
some  points  of  field  practice. 

For  a full  description  of  the  instruments  and  their  adjustments, 
explanations  of  the  three  and  two  point  problems,  various  tables  and 
plates,  the  reader  is  referred  to  that  treatise. 

As  our  surveys  are  intended  to  serve  not  only  as  charts  of  our  coast 
and  harbors,  but  also  for  the  many  purposes  of  navigation,  com- 
merce, and  military  defense,  the  topographical  details  to  be  mapped 
are  numerous  and  must  be  quite  accurately  determined.  Two  scales, 
the  10000  and  20000,  have  been  found  the  most  appropriate  for  the 
various  classes  of  field  work $ 10000  from  Maine  to  Delaware  Bay  on 
the  Atlantic  coast ; also  for  the  whole  Pacific  coast ; and  20000  for  the 
remainder  of  the  Atlantic  and  Gulf  coasts. 

The  details  might  be  shown  on  smaller  scales,  but  it  has  been  proved 
from  experience  there  would  be  nothing  gained,  either  in  economy  or 
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rapidity,  from  their  use,  owing  to  the  tax  on  the  topographer  on  account 
of  the  more  minute  drawing  involved. 

As  in  all  plane-table  surveys  it  is  important  that  sufficient  points 
shall  be  determined  from  a measured  base,  at  such  distances  from  each 
other  that,  when  plotted  on  the  scale  of  the  survey,  they  may  be  reached 
by  the  rule  of  the  alidade  over  the  intervening  spaces,  it  will  be  pre- 
sumed that  this  has  been  done,  as  is  usually  the  case  in  the  Coast  and 
Geodetic  Survey,  and  that  the  sheet  to  be  used  on  the  table  has  these 
points  accurately  plotted,  so  that  they  bear  the  same  relation  to  one 
another  as  the  corresponding  points  of  nature. 

Signals  having  been  erected  at  each  triangulation  point  and  also  on 
all  other  prominent  hills  withiu  the  area  of  the  sheet,  where  they  would 
be  useful  in  providing  additional  control,  the  next  proceeding  will  be 
to  occupy  one  of  the  former  points. 

Care  should  be  exercised  in  choosing  the  day  for  this  portion  of  the 
work,  as  it  is  essential  that  the  plotted  points  of  the  triangulation 
should  be  tested,  and  new  ones  determined  from  them  in  the  most  favor- 
able weather. 

The  chief  and  controlling  condition  in  working  with  the  plane  table, 
and  without  which  no  accurate  work  can  be  done,  is  that  the  table 
shall  be  in  position  ; that  is,  that  all  lines  joining  points  on  the  sheet 
shall  coincide  in  direction  with  the  corresponding  lines  of  nature. 

When  the  table  is  in  position  at  any  determined  point,  any  object  in 
view  may  be  observed  through  the  telescope,  and  the  edge  of  the  rule 
being  kept  sharply  on  the  point  occupied,  a line  drawn  along  its  edge 
will  be  the  direction  of  the  object  observed  ; but  as  this  determines 
only  one  element,  that  of  direction,  it  will  be  necessary  to  determine 
its  distance  from  the  point  occupied  either  by  measure  or  by  intersec- 
tion of  this  direction  by  a direction  from  some  other  fixed  point,  which 
will  intersect  the  first  direction  at  an  angle  when  practicable,  not  less 
than  30°  nor  more  than  150° ; all  intersections  can  be  verified  by  a 
direction  from  a third  point. 

When  a direction  has  been  drawn  from  a station  to  any  undeter- 
mined point  that  can  be  occupied,  the  position  of  the  point  may  be  de- 
termined by  occupying  it  with  the  table,  and  putting  the  table  in  posi- 
tion by  the  line  drawn  to  it,  and  resecting  upon  a signal  whose  corre- 
sponding point  is  plotted  upon  the  sheet. 

Before  leaving  the  station,  lines  to  all  prominent  objects,  natural  or 
artificial,  withiu  the  scope  of  the  station  should  be  drawn.  If  the 
height  of  the  station  be  important,  this  should  be  determined,  both  as 
a guide  for  the  lines  of  equal  elevation  in  the  immediate  vicinity,  and 
as  a point  of  reference  for  determination  of  heights  from  other  stations. 

This  should  conclude  the  work  at  this  point,  and  the  topographer 
now  proceeds  to  occupy  others  until  he  is  satisfied  that  enough  posi- 
tions have  been  accurately  fixed  over  the  whole  sheet. 

No  definite  number  of  positions,  either  in  regard  to  number  of  square 
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inches  of  plane-table  sheet,  or  square  miles  of  the  region  to  be  sur- 
veyed, has  been  determined  upon.  The  nature  of  the  country  lias  had 
more  influence  in  fixing  the  most  desirable  number  of  controlling  points 
to  a given  area  than  any  other  consideration.  Where  the  country  is 
open  and  the  triangulation  stations  commanding  it  are  well  placed, 
a few  additional  stations  may  suffice. 

Enough,  however,  should  be  furnished  so  that  there  will  always  be 
several  within  the  reach  of  the  ruler,  and  not  too  near  the  edge  of  the 
board,  no  matter  what  portion  of  the  sheet  is  exposed  upon  it. 

The  number  of  plane-table  or  secondary  points  may  be  considered 
sufficient  when  they  are  grouped  together  near  enough  so  that  a new 
station  may  be  determined  from  them  at  any  place  on  the  sheet  where 
one  may  be  necessary  for  obtaining  details  or  checking  traverse  lines. 

From  the  foregoing  it  will  be  seen  that  the  triangulation  stations  con- 
trol the  main  plane-table  stations  determined  as  secondary  points  of 
control,  and  these  in  turn  control  the  ordinary  plane-table  stations 
from  which  the  topographical  details  are  obtained.  All  details  of  suffi- 
cient importance  to  justify  their  exact  location  should  be  determined  by 
intersections  or  measured  to  from  the  instrument. 

There  is  often  occasion  for  a nice  discrimination  in  using  the  plane 
table  (involving  time,  labor,  and  the  command  of  ground)  between  an 
excessive  number  of  telemeter  measurements,  with  comparatively  little 
sketching,  and  the  reverse. 

The  former,  besides  entailing  a loss  of  time,  tends  to  dull  the  skill 
of  the  topographer  as  an  expert  sketcher,  in  giving  less  opportunity  for 
estimating  distance,  relative  proportion,  and  the  characteristic  expres- 
sion of  topographical  features. 

The  latter  will  result  in  producing  a map  deficient  in  accuracy  at 
critical  points. 

The  best  method  is  to  adapt  the  two  processes  to  the  scale  and  the 
character  of  the  detail.  When  the  scale  is  large  or  the  cultural  fea- 
tures numerous,  the  frequent  use  of  telemeter  measurements  becomes 
a necessity  to  insure  sufficient  accuracy.  On  the  other  hand,  when  the 
scale  is  small  and  the  region  sparsely  settled  a liberal  number  of  sta- 
tions should  be  occupied  so  as  to  obtain  views  of  a feature  from  more 
than  one  point,  and  the  details  sketched  in  by  the  eye  aided  with  a small 
number  of  telemeter  readings. 

For  filling  in  this  skeleton  with  all  the  details  that  may  be  desired, 
the  plane  table  is  set  up  at  any  desired  place  where  a good  view  of  the 
surrounding  features  can  be  obtained.  If  this  place  has  not  been  pre- 
viously determined,  it  is  now  effected  by  means  of  the  resection  of  lines 
from  three  known  points  (the  three-point  problem).  Next,  angular  read- 
ings by  means  of  the  arc  of  the  alidade  are  taken  on  objects  whose  alti- 
tude is  known,  and  the  height  of  the  instrument  above  the  datum  plane 
thus  found. 
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Since  no  topographical  map  can  be  complete  without  some  systematic 
representation  of  the  undulations  and  changes  of  slope  of  the  surface 
of  the  ground — terrene — caused  by  the  oscillations  of  the  earth’s  crust, 
erosion,  abrasion,  or  artificial  works,  various  modes  have  been  devised 
for  such  representation. 

The  two  methods  of  surveying  curves  of  equal  elevation  are  known 
as  the  regular  and  the  irregular  methods. 

The  regular  methods  include — 

(1)  Surveying  and  leveling  the  skeleton  and  its  traverses. 

(2)  Surveying  and  leveling  the  profile  lines. 

(3)  Surveying  and  leveling  the  base  of  each  level  section. 

(4)  Surveying  and  leveling  the  parts  of  several  level  sections  from 
one  station. 

(5)  The  division  of  the  terrene  into  squares,  triangles,  or  parallelo- 
grams. 

The  irregular  method  consists  in  determining  the  positions  and  heights 
of  a number  of  characteristic  points  of  the  terrene,  and  in  determining 
from  these  the  traces  of  the  curves. 

This  is  the  method  generally  used  in  surveys  embracing  such  areas 
as  the  sheets  of  the  Coast  and  Geodetic  Survey  on  scales  of  1-10000 
and  1-20000. 

The  vertical  intervals  at  which  curves  should  be  drawn  must  be  deter- 
mined by  the  object  and  necessities  of  each  case,  and,  in  a measure,  by 
the  gentleness  or  abruptness  of  the  slope.  As  a rule,  with  such  features 
as  prevail  on  the  New  England  coast  of  the  United  States,  intervals  of 
20  feet  are  found  to  develop  the  form  with  sufficient  detail  on  1-10000 
scale,  but,  for  {nirposes  of  construction,  intervals  of  5 feet  or  even  less 
are  often  found  desirable  on  larger  scales. 

In  abruptly  mountainous  and  comparatively  inaccessible  regions, 
where  sketching  must  be  relied  upon,  100-foot  curves  may  suffice  to 
develop  all  necessary  features. 

Having  already  drawn  the  grouud  plan  of  the  locality,  the  alidade 
is  used  both  as  a level  for  the  observation  of  objects  the  same  height 
as  the  instrument,  and  for  measuring  angles  of  elevation  and  depres- 
sion to  such  of  the  platted  details,  whose  position  at  critical  points  of 
the  contours  would  materially  assist  the  topographer  in  tracing  them. 

No  rule  can  be  laid  down  as  to  the  number  of  elevations  that  should 
in  this  manner  be  determined  from  each  plane-table  station  or  for  a 
given  area.  It  will  depend  on  the  skill  of  the  topographer  and  the 
modeling  of  the  terrene.  The  number  will  be  adequate  when  he  is 
confident  of  tracing  by  their  aid  the  contours  with  an  accuracy  sufficient 
for  the  scale  and  the  purposes  of  the  survey. 

It  would  indicate  careless  and  slovenly  work  if  the  contours  were 
found,  on  examination,  to  deviate  frequently  from  their  true  position 
on  the  sheet  more  than  half  an  interval  for  a slope  of  less  than  5°  in 
an  open  country.  Where  the  slope  is  steeper  or  in  wooded  regions  a 
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greater  latitude  is  permissible;  but  even  here  in  representing  the  crests 
of  ridges,  prominent  hilltops,  and  valley  floors  this  limit  of  half  an 
interval  should  not  be  departed  from  for  good  work. 

Each  case  will  present  some  peculiarities  which  must  be  met,  as  they 
are  presented,  by  the  topographer’s  own  resources;  and  as  on  the  ordi- 
nary scales  of  topographical  surveys  a limit  of  minuteness  of  detail 
must  be  fixed,  a sound  management  of  work,  established  by  experience, 
will  find  its  strength  resting  upon  a discrimination  between  important 
and  trifling  features,  and  a ready  decision  of  what  to  omit  as  well  as 
what  to  include.  Labor  may  be  spent  in  the  development  of  small 
individual  features  which  are  comparatively  lost  on  the  scale  of  the 
work,  while  the  features  characteristic  of  the  forms  produced  by  oscil- 
lation, erosion,  or  abrasion,  indicative  of  the  forces  producing  the  same 
and  which  give  distinctive  character  to  the  terrene,  may  be  lost  sight 
of  in  the  too  careful  attention  to  minute  details. 

Having  completed  the  work  at  a given  station,  the  topographer  pro- 
ceeds with  his  party  and  instruments  to  an  adjoining  locality,  where 
• he  selects  a new  station  from  which  he  can  gather  the  details  of  an 
area  bordering  upon  the  one  last  surveyed.  In  this  manner,  by  suc- 
cessively occupying  points  over  the  whole  exp  anse  of  the  sheet,  the 
skeleton  map  is  filled  in. 

In  a wooded  country,  where  it  is  impossible  to  find  open  space  with 
range  sufficient  to  see  enough  points  for  determination  of  position  by 
resection,  it  is  necessary  to  run  traverses  along  the  roads  with  offsets 
to  such  lateral  features  as  it  may  be  practicable  to  reach  without  the 
expenditure  of  excessive  labor  and  time  in  opening  lines  of  sight.  The 
levels,  when  necessary,  are  carried  along  the  traverse  lines  by  angula- 
tion with  the  vertical  arc  of  the  alidade,  taking  back  and  fore  sights  at 
the  alternate  stations. 

For  this  purpose  the  standard  table  is  used  on  main  roads  and 
wherever  the  details  are  important  and  numerous.  For,  with  com- 
pass, the  deflections  of  the  traverse  will  be  only  approximate,  and  with 
a transit  instrument  the  necessity  arises  for  platting  with  protractor 
on  a sketch,  with  less  accuracy  and  facility  than  the  table  affords. 

When,  however,  the  traverse  line  is  unimportant,  and  few  features 
present  themselves  to  be  noted;  an  auxiliary  plane  table  oriented  by 
a declinatoire  or  a transit  fitted  with  stadia  wires  may  be  employed* 
When  this  method  is  pursued  with  a second  table  the  forward  station, 
as  given  by  the  telemeter,  is  not  occupied,  but  another  is  chosen  in 
advance  of  it,  and  from  which  it  can  be  seen,  where  the  instrument  is 
set  up  and  oriented  by  the  declinatoire.  Sighting  the  alidade  to  what 
is  now  the  back  station,  the  distance  is  read  and  platted  along  the 
edge  of  the  ruler,  and  the  point  so  determined  represents  the  one 
occupied  by  the  table. 
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It  is  apparent  tliat  this  method  is  more  rapid  than  the  regular  (me 
employed  on  main  roads,  but  far  less  precise. 

The  regular  method  consists  in  starting  the  traverse  line  by  occupy- 
ing some  point  previously  determined  and  sending  the  telemeter  ahead 
to  a place  selected  for  its  advantageous  position,  in  reference  either  to 
the  surrounding  features  or  facility  in  obtaining  a new  section  of  the 
traverse.  Having  sighted  to  this  point,  read  and  platted  the  distance, 
short  guide  lines  should  be  drawn  along  the  edge  of  the  ruler  at  both 
ends  and  numbered  or  lettered,  so  they  may  be  identified  from  others 
of  like  character.  The  table  is  then  moved  to  the  forward  station, 
approximately  oriented,  and  the  platted  point  carefully  plumbed  over 
the  one  on  the  ground. 

The  alidade  is  now  placed  on  the  table  and  put  in  position  by  bring- 
ing the  edge  of  the  ruler  close  up  to  the  guide  lines  ; then  by  revolving 
the  table  until  the  vertical  wire  bisects  the  rod  or  signal,  left  for  that 
purpose  at  the  last  station,  it  is  oriented. 

In  running  traverses,  great  care  should  be  taken  to  sight  as  low  as 
possible  upon  the  fore  and  back  signals,  so  as  to  avoid  any  error  of  de- 
flection that  might  arise  from  inclination  of  the  signal  poles. 

The  stadia  methods  in  plane-table  surveys  for  measuring  distance 
are  either  two  horizontal  fixed  lines  on  glass,  or  webs  in  the  diaphragm 
of  the  alidade  telescope,  which  subtend  variable  lengths  on  a divided 
staff  in  proportion  to  distance  5 the  staff  having  been  experimentally 
divided  on  measured  distances;  or  a micrometer  eyepiece  to  the  tel- 
escope, with  two  horizontal  webs  in  the  diaphragm,  one  of  which  is 
movable  by  a finely-cut  screw,  subtending  a given  length  distinctly 
marked  by  two  targets  on  a rod.  The  angle,  as  indicated  by  the  rack 
and  the  divisions  of  the  screw  head,  giving  the  distance  from  a table 
experimentally  made  on  measured  distances. 

By  these  methods  400  metres  may  be  measured  within  a probable 
error  of  1 metre,  which,  on  the  usual  scales  of  plane-table  work,  is  inap- 
preciable, and  within  the  probable  changes  of  the  dimensions  of  the 
paper  from  its  hygroscopic  properties. 

By  the  method  of  fixed  lines  in  the  diaphragm  the  angle  remains 
constant  and  the  chord  variable,  and  by  the  micrometer  method  the 
chord  remains  constant  and  the  angle  variable. 

For  topographical  reconnoissance  a micrometer  eyepiece  in  the  tele- 
scope for  distance  measure  is  probably  better  than  fixed  lines  in  the 
diaphragm,  because  in  the  use  of  the  former  the  chord  on  the  staff  or 
other  object  remains  constant  and  can  be  made  longer  or  shorter  for 
greater  or  less  distances,  the  variable  angle  being  read  with  the  microm- 
eter. On  a conspicuous  tree  or  on  the  face  of  a prominent  rock, 
especially  when  on  the  shore  of  a body  of  water,  a vertical  distance  the 
length  of  the  chord  of  the  experimentally  made  micrometer-distance 
scale  may  be  marked  wfith  whitewash,  so  that  it  may  be  used  for  the 
observation  of  distance  from  any  point  from  which  it  may  be  visible. 
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A lone  tree  on  a divide  may  for  this  purpose  be  valuable  for  a large 
arc  of  visibility. 

Where  it  is  necessary  to  make  a topographical  survey  in  advance  of 
the  determination  of  points  by  triangulation,  a reconnoissance  is  first 
made  for  the  location  of  a base  line  and  selection  of  points  to  be  de- 
termined with  the  plane  table. 

The  base  is  then  measured  with  sufficient  accuracy  for  the  purposes 
of  the  survey. 

Signals  having  been  erected  at  selected  points,  the  extremes  of  the 
base  are  occupied  with  the  table,  and  the  points,  as  far  as  may  be 
reached  with  good  intersections,  determined  from  them,  and  lines  of 
direction  drawn  to  all  the  points  visible  to  serve  as  checks  upon  their 
determination  from  other  points  furnishing  directions  for  good  intersec- 
tions. The  survey  then  proceeds  as  usual. 

It  is  well  at  the  beginning  of  work  to  set  off  with  the  declinatoire 
at  some  determined  point  near  the  middle  of  the  sheet  the  magnetic 
meridian,  for  the  purpose  of  putting  the  table  in  approximate  position 
at  any  station  with  the  declinatoire. 

Before  finishing  the  field  work  it  is  important,  when  the  sheet  has 
no  projection,  to  provide  data  for  drawing  a true  north  and  south  line. 
This  is  done  by  drawing  from  a point  upon  the  sheet,  when  the  table  is 
in  position,  a line  in  the  vertical  plane  through  Polaris  and  the  point 
occupied  and  recording  the  time  of  observation.  The  azimuth  of  the 
star  at  that  time  being  known,  a true  north  and  south  line  can  accord- 
ingly be  set  off. 

If  a small  transit  instrument  is  at  hand  and  carefully  adjusted  for 
movement  in  vertical  plane,  an  assistant  with  a lantern  can  be  located 
where  the  vertical  plane  through  Polaris  and  the  point  occupied  inter- 
sects the  ground  at  a distance  of  half  a mile  or  more  from  the  occupied 
station.  When  the  assistant  is  in  position  a stake  is  there  driven,  the 
direction  to  which,  from  the  point  occupied,  may t be  determined  by 
daylight. 

If,  in  the  absence  of  a transit,  the  alidade  has  not  vertical  range 
sufficient  to  reach  Polaris,  an  illuminated  plumb  line  may  be  used  for 
the  alignment. 


NOTES  ON  TOPOGRAPHICAL  SURVEYS  IN  ITALY. 

[Presented  by  Assistant  D.  B.  Wainwright.] 

The  general  topographical  survey  of  Italy  is  carried  on  under  the 
War  Department,  by  the  Military  Geographical  Institute. 

The  officers  are  selected  from  the  general  staff  (etat  major),  mili- 
tary engineers,  artillery,  cavalry,  and  infantry.  A certain  number  of 
enlisted  men  are  also  employed. 

The  principal  business  of  the  Institute  is  the  execution  of  all  geodetic 
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and  topographic  works  necessary  to  obtain  the  data  for  the  construc- 
tion of  the  topographic  and  chorographic  maps  of  Italy,  and  those  for 
military  and  other  public  services. 

The  triangulation  is  constantly  two  years  in  advance  of  the  topog- 
raphy. The  triangles  are  nearly  equilateral. 

The  field  sheets  (scales  50000  and  25000)  from  the  hands  of  the  topog- 
rapher are  reduced  and  drawn  on  the  scale  of  75000  for  the  produc- 
tion of  the  final  sheets,  scale  100000. 

The  topographical  and  drawing  divisions  are  both  divided  into  four 
sections,  based  on  skill  and  proficiency,  with  increase  of  pay  according 
to  term  of  service.  The  officers  receive  commutation  of  rations  while 
in  the  field,  and  have  their  traveling  expenses  paid. 

The  field  work  is  entirely  done  by  means  of  the  plane  table.  A field 
party  consists  of  a captain  of  the  general  staff  in  charge,  with  from 
five  to  eight  topographers  (divided  among  lieutenants  of  infantry  and 
general  service  men).  Each  topographer  has  two  assistants,  with  sta- 
dia rods,  by  aid  of  which  all  horizontal  measurements  are  made.  The 
plane-table  sheets,  carefully  prepared  and  mounted  in  advance,  are 
inked  in  and  practically  finished  in  the  field.  All  determined  triangu- 
lation points  are  plotted,  and  altitudes  marked  also,  in  advance.  These 
triangulation  points  are  first  checked,  and  the  magnetic  meridian  is 
then  laid  down. 

A very  complete  instrument  is  used  with  the  plane  table  j the  differ- 
ences in  elevation  are  computed  at  the  station,  the  distances  obtained 
by  stadia  measurements,  and  the  contours  drawn  at  10  metres  apart  for 
the  50000  scale,  and  5 metres  apart  for  the  25000. 

As  much  of  the  area  now  being  done  by  the  Institute  has  been  cov- 
ered by  former  topographical  and  cadastral  surveys,  several  topog- 
raphers may  work  on  a single  sheet. 

Field  minutes  in  the  valley  of  the  Po,  vicinity  of  Florence,  Borne, 
and  Naples  are  drawn  to  the  scale  of  25000,  and  certain  seaports  at  the 
scale  of  10000. 

A skilled  topographer  is  expected  to  cover  50  to  60  square  kilometres 
per  month  on  the  scale  of  50000,  and  20  kilometres  per  month  on  the 
scale  of  25000. 

Each  hundredth  metre  curve  is  drawn  heavy,  and  on  the  published 
map,  scale  100000,  the  contours,  50  feet  apart,  alone  are  expressed. 

The  finishing  of  the  original  field  minutes  is  done  by  both  technical 
civil  assistants  and  officers.  These  finished  field  minutes  are  converted 
into  finished  originals  by  more  skillful  draughtsmen,  the  line  work  trans- 
ferred, the  lettering,  hachuring,  and  curves  added. 

The  Director  states,  September  2,  1885,  that  the  average  cost  per 
square  mile  (scale  25000)  for  field  work  (triangulation  and  topography) 
is  $13.12.  It  must  be  remembered,  however,  in  considering  this  small 
amount,  that  the  salaries  and  wages  paid  in  Italy  are  extremely  small ; 
and  also  a great  deal  of  saving  was  effected  by  the  use  of  former  surveys. 
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Deville,  in  his  treatise  on  horizontal  photography  applied  to  topograph- 
ical surveying,  states  that  this  method  was  successfully  pursued  in 
mapping  some  portions  of  the  mountains  of  Italy.  He  claims  perfect 
success  for  the  method  in  Canada,  where  1000  square  miles  have  been 
(up  to  1889)  surveyed  in  this  manner;  and  says  further,  that  its  failure 
in  other  countries  is  due  both  to  the  use  of  too  large  scales,  and  to  at- 
tempt to  map  areas  having  too  little  relief,  as  it  is  only  adapted  to 
mountainous  regions. 

I have  been  unable  to  obtain  Paganini’s  treatise  on  the  subject,  which 
gives  the  results  obtained  in  Italy. 

These  notes  are  abstracts  from  papers  by  Wheeler,  Derrecagaix,  and 
Deville. 


NOTES  ON  SURVEYS  OF  ENGLAND  AND  FRANCE. 

[Presented  by  Assistant  W.  C.  Hodgkins.] 

PREFATORY  NOTE. 

It  should  be  borne  in  mind  that,  except  in  Great  Britain  and  Ireland 
(where  all  official  surveys  are  consolidated  into  one  organization),  there 
exists  in  every  European  country,  so  far  as  I can  ascertain,  a cadastral 
survey  on  a large  scale,  generally  from  1-2500  to  1-4000,  made  for  pur- 
poses of  taxation,  and  thus  furnishing,  in  advance  of  a topographical 
survey,  detailed  information  in  regard  to  all  the  subdivisions  of  the 
country.  The  fieldwork  of  the  topographer  is  therefore  comparatively 
simple.  He  has  only  to  run  out  by  traverse  the  roads  and  streams  and 
to  sketch  the  hill  fojans,  all  the  minute  and  laborious  work  of  plotting 
details  being  saved  him. 

GREAT  BRITAIN. 

The  cadastral  or  ordnance  survey  of  the  United  Kingdom  is  a won- 
derfully exact  and  elaborate  work.  In  all  its  various  processes  it  appears 
to  aim  at  absolute  certainty  of  results. 

It  is  not  necessary  to  detail  here  the  preliminary  processes  of  the 
survey,  the  astronomical  and  geodetic  work,  etc.  Confining  attention 
to  the  fieldwork  of  the  topographical  survey,  it  may  be  described  as 
follows : 

The  triangulation  having  been  completed  (the  sides  of  the  tertiary 
triangles  averaging  1£  miles  in  length)  the  rest  of  the  detail  work  is 
done  entirely  by  the  chain. 

The  triangle  sides  are  first  gone  over  with  the  chain,  all  objects 
passed  between  the  points  being  determined  by  offsets  if  necessary. 
The  error  of  chaining  must  not  exceed  2 links  in  1000  or  1-500  of  the 
length. 
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These  chained  lines  furnish  means  to  break  the  triangles  up  into 
still  smaller  ones  by  lines  run  between  marked  points  on  the  first  lines; 
and  this  process  of  subdivision  is  continued  until  all  objects  of  detail 
are  determined,  including  single  or  detached  .clumps  of  drees  in  the 
country,  and  in  the  city  or  town  even  the  lamp-posts  on  the  streets. 

All  of  this  work  is  plotted  on  a large  scale,  1-500  for  the  cities  and 
towns  and  1-2500  for  the  rest  of  the  country.  It  is  afterward  examined 
in  the  field  and  any  accidental  omissions  are  supplied.  The  elevations 
above  mean  tide,  based  upon  standard  level  lines  previously  run,  are 
placed  upon  the  map,  and  in  certain  cases  contours  are  run  out. 

The  system  followed  is  to  stake  out  the  course  of  the  curve  and  then 
to  run  it  out  with  compass  and  chain.  In  this  way  are  run  the  50, 100, 
200,  300,  etc.,  up  to  1000,  then  every  250  feet  up  to  2500. 

Intermediate  forms  are  sketched  on  the  ground  after  the  curves  run 
out  have  been  plotted. 

The  published  maps  on  smaller  scales  are  obtained  by  photographic 
reduction,  from  the  1-2500  scale  plotting. 

In  England  the  plane  table  does  not  seem  to  be  used  at  all,  but  in 
the  survey  of  India  it  is  used  to  some  extent  for  sketching  details. 

There  does  not  seem  to  be  much  in  the  methods  in  vogue  in  the 
English  surveys  that  would  be  of  utility  in  rapid  surveys  of  wild  coun- 
try or  even  in  that  which  is  well  settled,  unless  very  elaborate  work 
were  needed. 

FRANCE. 

The  Depot  de  la  Guerre  was  in  its  origin,  in  1688,  only  a depot  for 
documents  collected  in  the  archives  of  the  War  Department  and  relat- 
ing particularly  to  history  and  military  operations. 

In  1761,  the  Depot  of  Charts  and  Plans  was  joined  to  it  and  enriched 
it  with  a valuable  collection  composed  principally  of  topographic 
works,  both  printed  and  manuscript,  executed  by  the  engineers  of  the 
camps  and  armies  during  the  reigns  of  Louis  XIV  and  Louis  XV.  It 
was  not  until  1793,  when  the  national  convention  intrusted  to  it  the 
task  of  completing  and  retouching  the  plates  of  Cassini’s  great  map 
that  the  Depot  de  la  Guerre  became  an  establishment  for  producing 
maps,  and  at  that  same  time  a school  of  topographical  engraving  was 
founded  which  has  existed  ever  since. 

For  a long  time  the  Depot  de  la  Guerre  held  an  independent  posi- 
tion. In  1845,  only,  it  was  made  part  of  the  central  administration  and 
formed,  up  to  1871,  a division  of  the  War  Department. 

When  the  general  staff  of  the  minister  was  created  the  division  of 
the  depot  was  attached  to  the  new  organization. 

Finally  in  1887,  the  Depot  de  la  Guerre  was  abolished  and  was 
replaced  by  the  Geographic  Service. 

To  the  Geographic  Service  are  intrusted  all  the  operations  of  geodesy, 
of  topography,  and  of  cartography  needed Ly  the  army  in  time  of  peace 
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as  well  as  in  time  of  war.  It,  further,  investigates  the  improvements 
which  may  be  possible  in  methods  now  in  use. 

The  service  is  organized  in  five  sections,  as  follows : 

(1)  Geodesy. 

(2)  Precise  surveys, 

(3)  Topography, 

(4)  Cartography, 

(5)  Accounts, 

The  section  of  geodesy  has  charge  of  all  work  coming  under  that 
head  and  which  need  not  be  here  enumerated. 

The  section  of  precise  surveys  executes  large  scale  topographic 
work  requiring  mathematical  exactness.  This  is  a special  duty  directly 
connected  with  the  construction  of  defensive  military  works.  These 
surveys,  moreover,  constitute  a basis  for  those  which  may  some  day 
be  undertaken,  should  the  constantly  growing  needs  of  the  public  serv* 
ice  require  the  production  of  a new  map. 

The  section  of  topography  makes  surveys  upon  the  ground  and  pre^ 
pares  new  maps  for  general  use.  It  makes  use  of  the  geodetic  opera- 
tions to  furnish  a basis  for  its  topographic  network,  to  determine  the 
relief  of  the  ground,  and  to  represent  with  exactness  the  details  which 
ought  to  appear  on  the  various  projections.  The  thankless  and  diffi- 
cult task  of  keeping  the  general  staff  map  up  to  date  by  means  of  an- 
nual revisions  also  belongs  to  this  section $ also  the  surveys  of  Algeria 
and  the  preparation  of  foreign  and  colonial  maps. 

The  official  surveys  of  France  are  conducted  under  the  War  Depart- 
ment by  the  u Service  Geographique  de  PArmee.” 

These  surveys  are  divided  into  two  principal  classes : 

(a)  Precise  surveys. 

(b)  Topographic  surveys. 

Precise  surveys. — This  term  in  French  usage  seems  to  be  applied  to 
work  on  which  much  detail  is  shown  and  a certain  precision  is  required, 
without  necessarily  implying  that  all  the  data  given  is  exactly  correct. 
At  first  the  work  done  under  this  head  was  upon  the  scales  of  1-2000 
and  1-5000,  and  was  restricted  to  the  immediate  vicinity  of  fortified 
places.  As  the  extent  of  ground  surveyed  has  increased,  the  scale  has 
been  diminished  and  the  methods  of  work  modified*  At  present  most 
of  this  class  of  work  is  done  on  1-10000,  except  in  mountainous  coun- 
try, where  1-20000  is  used. 

Methods  of  work  on  1-10000  scale. — The  work  on  the  ground  consists 
of  two  parts : 

The  first  part  consists  of  the  establishment  of  a general  outline 
obtained  by  lines  from  triangulation  points  and  by  traverses  along  the 
side  of  polygons,  following  generally  the  roads  and  other  means  of 
communication.  Along  these  roads  connection  is  made  at  numerous 
H.  Ex.  43,  pt.  2—43 
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points  with  bench  marks  established  by  precise  levels.  In  this  way  a 
network  is  obtained  from  10  to  16  kilometres  on  a side  and  divided  into 
small  polygons.  On  the  perimeter  of  these  polygons  are  determined, 
by  the  aid  of  the  tachymeter,  the  geographical  positions  and  heights 
of  a series  of  marked  points,  generally  about  200  metres  apart.  This 
preliminary  work  is  done  with  leveling  compasses  or  with  tachymeters 
which  give  angles  to  the  nearest  minute.  The  results  of  this  first  work 
are  plotted  upon  the  plane  table  sheet,  together  with  a reduction  to 
scale  of  the  cadastral  surveys. 

The  second  part  of  the  field  work  consists  in  revising  the  plotting  of 
the  detail  reduced  from  the  cadastral  work  and  of  drawing  in  the  hor- 
izontal contours  at  intervals  of  5 metres.  Details  are  put  in  upon  the 
plane  table  oriented  by  compass,  using  a special  form  of  alidade  with 
an  attachment  for  rapid  measurement  of  slopes.  Pacing  is  resorted 
to  for  the  measurement  of  distances  when  the  details  are  not  very  im- 
portant. In  the  plotting  it  is  required  that  the  traverses  shall  close 
within  half  a milimetre  and  the  leveling  within  four-tenths  of  a metre. 
In  the  hill  drawing  on  the  plane-table  sheet,  traverses  are  largely  used 
and  points  are  added  by  radiation  from  stations.  The  curves  are  care- 
fully drawn  and  records  kept  of  all  measures  of  vertical  angles. 

The  above  method  is  used  in  all  sections  not  too  much  broken.  It 
has  even  been  employed  in  the  Yosges  and  Jura  Mountains,  but  had 
to  be  abandoned  in  high  mountain  regions.  There,  indeed,  the  reduc- 
tion of  the  scale  demanded  the  change.  The  steepness  of  the  slopes 
made  it  useless  to  attempt  the  delineation  of  curves  with  sogreat  a 
precision.  Besides,  as  the  work  left  the  valleys,  the  running  of  trav- 
erses with  the  tachymeter  became  more  laborious  and  lost  exactness. 
It  was  then  necessary  to  resort  to  more  facile  methods  which  still  give 
a sufficient  precision.  This  method  has  been  followed  since  1885  for 
surveys  in  Savoy  and  Dauphine,  the  original  sheets  being  on  1-20000. 

Surveys  on  1-20000. — As  in  surveys  on  1-10000,  the  first  step  is  the 
development  of  the  general  scheme,  obtained  by  tachymetric  traverses 
depending  upon  the  stations  of  the  triangulation.  These  traverses  are 
almost  always  run  in  the  bottoms  of  the  valleys  on  account  of  the  neces- 
sity of  following  routes  which  do  not  present  too  formidable  slopes. 

The  circuits  of  traverses  in  the  scheme  increase  in  length  on  account 
of  the  scarcity  of  routes  of  communication  and  of  the  difficulty  of 
working  over  them.  The  traverse  scheme  then  proves  insufficient,  and 
it  is  necessary,  in  order  to  complete  the  preparation  of  the  sheet,  to  in- 
troduce a new  operation,  consisting  of  the  establishment  of  a graph- 
ical triangulation,  starting  from  broken  bases  formed  by  parts  of  the 
traverses.  This  is  accomplished  by  occupying  the  stations  of  the 
traverse  and  then  determining  by  intersection  all  the  objects  which 
form  natural  or  artificial  signals. 

The  graphic  triangulation  is  made  with  plane  tables  mounted  on  a 
ball  and  socket  joint  formed  of  a segment  of  a sphere,  using  large- 
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sized  eclimetre  rules.  The  slopes  are  taken  during  the  traverse  work 
by  means  of  the  tachymeter.  All  of  this  work  is  plotted  upon  the 
plane  table  sheet.  The  detail  work  is  always  done  directly  upon  the 
plane  table,  oriented  by  compass  ; but  little  traverse  work  is  done. 
The  positions  and  elevations  are  determined  by  the  plane  table  with 
sufficient  exactness. 

The  surveys  of  Algeria  are  based  upon  a geodetic  triangulation  con- 
nected with  Spain  on  one  hand  and  with  Italy  on  the  other. 

The  field  work  is  done  on  1-40000. 

Heights  refer  to  the  mean  level  of  the  Mediterranean.  Wherever 
cadastral  surveys  exist  they  are  reduced  to  1-40000  and  transferred 
to  the  plane  table  sheets,  upon  which  the  triangulation  points  have 
already  been  plotted. 

The  field  work  is  done  chiefly  with  the  compass  provided  with  tele- 
scope and  vertical  arc.  The  barometer  is  also  used  for  elevations.  In 
ordinary  country  discrepancies  of  heights  should  not  exceed  2 metres, 
in  mountainous  country,  4 metres. 

The  hill  drawing  is  begun  at  the  most  elevated  points  and  is  carried 
downward.  From  4 to  12  points  in  each  square  kilometre  are  deter- 
mined in  elevation. 

Where  the  compass  can  not  be  used  on  account  of  local  attraction 
the  plane  table  is  used. 

South  Algeria  is  surveyed  on  1-100000  with  the  plane  table  oriented 
by  compass,  and  with  heights  determined  by  aneroid  barometer. 


METHODS  OF  TOPOGRAPHICAL  SURVEYS  IN  GERMANY,  AUSTRIA,  AND 

SWITZERLAND. 

[Presented  by  Assistant  J.  A.  Flemer.] 

A — GERMANY. 

The  oldest  military  reconnaissances  were  merely  sketched,  the  dis- 
tances being  obtained  by  the  time  it  took  a drilled  infantryman  to 
march  over  the  required  line  without  accoutrements  or  baggage.  A 
Prussian  soldier  was  supposed  to  cover  5.5  kilometres  per  hour  in  a 
level  country.  (The  French  assume  that  an  infantryman  will  take  11 
to  12  minutes  to  march  over  a distance  of  1 kilometre,  or  will  cover  5.2 
kilometres  per  hour.) 

With  the  aid  of  the  plane  table  and  the  theodolite  a gradual  improve- 
ment has  been  established  in  this  direction  and  the  topographical  maps 
of  the  Prussian  general  staff  of  the  present  time  are  ranked  among  the 
best  productions  of  the  topographic  art. 
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Since  1871  the  general  staffs  of  Bavaria,  Wiirtemberg  and  Baden 
have  joined  in  the  operations  of  the  Prussian  general  staff.  The  sur- 
veys of  the  German  Government  can  be  grouped  into  four  classes : 

(1)  Military  Topographical  Surveys. 

(2)  Cadastral  Surveys  (for  taxation). 

(3)  Preliminary  Surveys  for  Engineering  Purposes. 

(4)  Scientific  Geodetic  Surveys. 

Bavaria  was  the  first  of  the  southern  German  states  to  make  a gen- 
eral topographic  and  a cadastral  survey  of  the  entire  kingdom.  This 
first  survey  was  made  in  the  first  quarter  of  the  present  century  and  it 
was  based  upon  a system  of  rectangular  coordinates,  invented  and 
laid  out  by  Soldner.  This  system  of  coordinates  was  subsequently 
extended  over  Wiirtemberg,  Baden  and  Hessen. 

Baden  was  the  first  of  the  German  states  to  make  a general  topo- 
graphical survey  and  to  use  contours  for  the  delineation  of  the  terrene 
(1825-1846).  The  new  topographic  map  of  Baden  (1874)  shows  con- 
tours in  10  metres  vertical  interval ; it  is  published  in  170  sheets  on  a 
scale  of  1-25000  and  printed  from  copper  plates  in  three  colors.  This 
map  is  based  upon : 

(1)  The  old  topographical  survey. 

(2)  Forestry  and  Cadastral  maps. 

(3)  Resurveys. 

The  old  maps  were  taken  into  the  field  and  compared  with  the  terrene ; 
if  small  corrections  only  were  needed,  these  were  sketched  in;  larger 
corrections  were  made  by  special  resurveys. 

Military  topography. — Under  this  heading  we  can  distinguish  two 
classes : 

(1)  Topographical  surveys,  made  as  such,  and  independently  carried 
out. 

(2)  Topographical  surveys  based  upon  cadastral  surveys. 

The  former  have  been  chiefly  practiced  in  Prussia,  Saxony  and  Baden. 

The  latter  (based  upon  cadastral  surveys)  are  represented  by  the 
surveys  of  Bavaria  and  Wiirtemberg. 

The  general  topographical  maps  (“General — Stabs — Karten”)  of  all  the 
German  states  show  a remarkable  uniformity  in  their  general  appear- 
ance in  regard  to  general  detail  and  accuracy.  Germany  has  spent 
great  sums  of  money,  much  skill  and  labor  in  the  work  of  revision,  and 
is  continually  improving  the  maps  and  bringing  them  up  to  date. 

The  process  of  a general  topographical  survey  of  a country  passes 
through  three  stages : 

(1)  Triangulation. 

(2)  Actual  topography. 

(3)  Cartography. 

Triangulation. — Theodolite-polygons  originated  along  the  Rhine  under 
French  regime , and  the  effectiveness  and  accuracy  of  the  trigonometric 
methods  were  soon  generally  recognized  and  now  are  used  throughout. 
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(Hanoverian  Triangulation,  by  Gauss;  Triangulation  of  Lauenburg,  by 
Scliuinacher;  the  Prussian,  by  Bessel  and  Baeyer;  the  Bavarian,  by 
Soldner  and  Schwerd  ; the  triangulation  of  Wiirtemberg,  by  Bohnen- 
berger;  the  Hessian,  by  Eckliardt,  etc.) 

In  Austria,  Prussia,  and  Baden  the  triangulations  were  carried  out 
by  the  general  staffs. 

The  German  primary  triangulation  has  triangle  sides  from  10  to  100 
miles  in  length.  The  base  lines  are  measured  with  the  highest  accu- 
racy attainable.  The  latitude  and  longitude  of  "at  least  one  point  in 
each  triangle  have  been  determined  by  careful  astronomical  observa- 
tions, and  also  the  azimuth  of  at  least  one  side  of  every  primary  triangle. 

The  network  of  primary  triangulation  is  subdivided  into  triangles  of 
the  second,  third,  fourth,  and  fifth  order.  All  of  the  points  are  well 
marked  and  described,  and  they  form  the  initial  stations  for  the  topog- 
rapher, from  whence  *all  other  points  are  determined,  with  aid  of  the 
plane  table;  at  least,  such  is  the  custom  in  Germany,  Austria,  and 
Switzerland. 

The  ordinary  plane-table  sheet  in  Germany  (17  by  20  inches)  contains 
from  20  to  40  triangulation  points  for  the  use  of  the  topographer. 
During  the  work  of  the  triangulation,  both  spirit  and  trigonometric 
level  operations  are  carried  on,  and  the  elevations  of  all  triangulation 
points  are  determined  by  these  two  methods,  while  the  elevations  of  all 
subsequent  points,  to  be  used  for  the  delineation  of  the  terrene  are 
made  by  alidade  and  plane  table,  or  in  wooded  sections  by  barometric 
leveling. 

The  barometers,  in  recent  years;  have  been  greatly  improved  and 
they  are  excellent  for  this  purpose,  the  mean  error  being  comparatively 
small. 

In  Bavaria  and  Austria  barometric  leveling  has  become  a favorite 
method  for  topographical  delineations  of  the  terrene. 

In  the  preliminary  governmental  topographic  surveys  for  engineering 
purposes,  in  Germany,  it  is  considered  too  expensive  to  use  the  level, 
and  only  for  the  final  location  of  railroads,  canals,  roads,  etc.,  the  re- 
lief and  contours  along  the  line  are  determined  by  spirit  leveling  and 
for  all  general  or  preliminary  purposes  the  terrene  is  delineated  by  aid 
of  barometric  leveling  (aneroids). 

In  the  southern  states  of  Germany,  in  Switzerland  and  in  Austria,  the 
u method  of  barometric  measurements  with  corresponding  observations” 
is  employed  almost  throughout  for  all  general  topographical  surveys, 
lines  of  spirit  levels  being  run  along  main  roads,  railroads,  canals  and 
rivers. 

The  aneroids  chiefiy  used  for  leveling  purposes  are:  Vidi-Naudet’s 
aneroid  (made  by  Goldschmidt  in  Zurich)  with  microscopical  reading, 
and  J.  H.  Reitz’s  improved  aneroid,  made  by  Deutschlein  in  Hamburg 
(known  as  Reitz-Deutschlein’s  aneroid)  which  has  also  a microscope  for 
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direct  reading,  and  it  is  claimed  that  0.001  millimetre  can  be  read  off 
with  ease.  (Zeitschr.  f.  Vermessungswesen,  1874.) 

According  to  tests  made  by  Prof.  Koppe  with  Naudetfs  aneroid,  the 
diameter  of  circular  scale  being  12  centimetres,  and  based  upon  248 
observations  on  points  originally  determined  by  precise  leveling,  the 
probable  error  proved  to  be  1.1  metres.  The  direct  comparisons  gave 
the  following  results : 

114  errors  were  found  to  be  from  0 to  1 metre. 

70  errors  were  found  to  be  from  1 metre  to  2 metres. 

47  errors  were  found  to  be  from  2 metres  to  3 metres. 

14  errors  were  found  to  be  from  3 metres  to  4 metres. 

3 errors  were  found  to  be  from  4 metres  to  5 metres. 

The  greatest  error  observed  had  been  4.4  metres.  These  tests  were 
made  under  conditions  similar  to  those  which  are  met  with  in  general 
traverse  work. 

Schoder  (Hiilfstabellen  zu  barometrisehen  Hohenmessungen)  gives 
the  probable  error  of  Naudet’s  aneroid  (12  centimetres),  based  upon 
forty  seven  observations,  as  0.94  metre  for  differences  of  elevations 
lying  within  the  range  of  0 to  113  metres. 

It  we  remember  that  the  errors  are  not  accumulative  and  adhere 
only  to  single  points,  not  to  be  transmitted  to  subsequent  points,  this 
error  may  not  be  too  great  for  general  topographical  purposes. 

The  elevation  of  every  bench  mark  (determined  by  spirit  level  or  ver- 
tical angle)  which  is  redetermined  by  the  aneroid  will  serve  as  the 
datum  for  all  subsequent  points,  determined  by  aneroids,  until  the 
next  bench  mark  is  reached.  In  other  words,  all  points  which  have 
been  determined  by  aneroid  readings  will  be  referred  to  the  last  bench 
mark  checked  upon. 

Riihlmann  maintains  that  the  horizontal  distance  between  station 
and  field  barometer  is  not  to  exceed  37.5  kilometres. 

Bauernfeind  gives  60  to  75  kilometres  as  the  limit  in  lowlands,  and 
no  ridge  of  hills  should  intervene  between  the  corresponding  barometer 
stations. 

The  station  barometer  is  brought  up  to  the  advanced  field  barome- 
ter every  night,  and  for  this  reason  alone  it  will  not  often  occur  that 
distances  over  30  to  40  kilometres  will  separate  the  barometers.  Gen- 
erally speaking,  the  cost  of  aneroid-leveling  is  low. 

In  1873  two  engineers  with  one  assistant  made  a survey  of  1,920  hec- 
tares for  the  Rhenish  railroad,  through  a very  broken  country  in  fifty- 
nine  days.  The  scale  of  survey  was  1-10000,  the  levels  were  taken  with 
aneroids.  After  the  fieldwork  had  been  completed,  the  elevations 
calculated  and  tabulated,  the  map  was  drawn,  based  upon  Prussian 
cadastral  maps,  and  the  contours  drawn  in,  in  vertical  intervals  of  5 
and  1 metres.  The  office  work  took  twenty-eight  days,  including  the 
location  of  the  proposed  railroad. 
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For  final  or  special  surveys  for  engineering  purposes  tlie  scale  is 
generally  1-2500  with  curves  in  1,  2,  and,  in  very  steep  grades,  5 metre 
intervals.  Whenever  the  character  of  ground  requires  it,  subsurveys 
are  made  on  scale  1-1000,  or  even  1-500. 

Formerly  every  State  had  a separate  datum  plane  or  point  of  refer- 
ence, to  which  the  elevations  of  topographical  surveys  were  referred. 
After  the  general  topographical  surveys,  however,  had  been  extended 
over  several  States  it  was  found  that  the  elevations  and  contours  of 
adjoining  States  showed  discrepancies,  which  in  some  instances  were 
too  great  to  be  disregarded  even  for  general  purposes.  It  proved  that 
none  of  the  States  had  used  the  same  plane  for  mean  sea  level,  al- 
though all  were  referred  to  u the  sea.” 

A number  of  lines  of  precise  levels  had  demonstrated  the  fact  that 
the  mean  level  of  the  sea  was  different  in  different  seaports  (within 
several  decimetres)  and  the  central  directory  of  the  Prussian  surveys 
decided  to  assume  a datum  plane  which  would  satisfy  the  greatest 
number  of  the  various  datum  planes  which  had  been  in  vogue  through- 
out the  Empire,  and  after  having  decided  upon  such  a plane  of  refer- 
ence, to  enforce  the  rule  that  in  all  topographical  surveys  the  eleva- 
tions and  contours  are  to  be  referred  to  said  plane. 

Northern  Germany  had  used  the  u mean  sea  level  ” at  Amsterdam 
as  datum  plane,  and  it  was  found  that  the  zero  mark  of  the  tide  gauge 
at  Amsterdam  was  in  that  plane,  which  satisfied  the  greatest  number 
of  the  different  datum  planes  heretofore  used  in  different  parts  of  Ger- 
many, by  being  very  near  the  mean  plane  for  all. 

Subsequently  this  zero  mark,  termed  u normal  null,”  was  taken 
as  the  initial  point  upon  which  all  levels  in  Germany  are  to  be  referred 
and  a point  marked  at  the  observatory  at  Berlin  as  being  u 37  metres 
above  normal  null”  is  the  initial  bench  mark  for  all  Prussian  surveys. 
A net  of  precise  levels  extending  from  Memel  to  Basel  in  one  direction, 
and  from  Cologne  to  Breslau  in  another  direction,  has  been  established 
by  the  German  general  staff,  thus  locating  a large  number  of  refer- 
ence points  throughout  the  Empire.  The  elevations  and  contours 
shown  on  the  recently  published  topographical  maps  have  been  cor- 
rected with  reference  to  u normal  null.”  In  Baden,  for  instance,  the 
old  data  had  to  be  reduced  2 metres  to  bring  them  down  to  the  new 
datum  plane  (u  normal  null”). 

At  the  present  time  this  plane  of  reference  (normal  null)  is  used 
throughout  Germany,  and  the  value  of  the  uniformity  thus  established 
is  considered  as  greatly  outweighing  the  cost  of  the  work. 

There  are  three  classes  of  leveling  operations  in  Germany.  Banged 
pi  their  order  of  accuracy  they  are : 

(1)  Spirit  leveling. 

(2)  Trigonometric  leveling. 

(3)  Barometric  leveling. 
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For  topographical  surveys  we  find  the  plane  table  with  distance- 
reading alidade  and  the  tachymetric  plane  table  chiefly  in  use.  The 
reasons  assigned  therefor  are: 

(1)  Its  great  effectiveness  for  the  delineation  of  the  terrene. 

(2)  Small  damage  to  crops  in  gardens  and  fields. 

(3)  Saving  of  time  by  measuring  distances  to  points  only  (and  plot- 
ting their  positions)  which  are  cardinal  points,  omitting  all  secondary 
or  auxiliary  points. 

(4)  Little  chance  of  omission  of  important  features  of  the  terrene  or 
details. 

In  different  parts  of  Germany  we  frequently  find  the  plane  table  sup- 
plemented by  theodolite  and  stadia  (tacheometre)  measurements  with 
compass  and  direct  lineal  measurements,  with  lineal  measurements  and 
offsets,  etc. 

Generally  speaking,  however,  the  plane  table  combined  with  spirit 
or  even  barometric  leveling,  is  considered  the  most  efficient  method  of 
making  a well-developed  topographical  survey. 

Traverse  lines  through  forests  are  frequently  run  with  tachymeter, 
theodolite,  and  compass,  in  combination  with  telemeter,  steel  tape,  or 
even  with  Rud.  Wittmann’s  measuring  wheel.  (Zeitschrift  d.  Oestr. 
Ing.-u.  Arch.-Yereins,  1875.) 

One  well-trained  topographical  party  (u  general  staff”)  will,  on  an 
average,  survey  about  0-3  to  0*5  square  miles  per  day  with  the  plane 
table,  on  1-25  000  scale. 

The  tachymetric  plane  table  method  has  gained  many  advocates  in 
recent  years,  especially  for  the  topographical  surveys  of  Austria  and 
northern  Germany.  One  skilled  topographer,  with  assistant,  can  deter- 
mine 600  points  with  the  tachymeter  in  a working  day  of  ten  hours. 

Cadastral  surveys. — These  are  based  upon  the  measuring  of  a plani- 
metric  base  line  and  lineal  measurements  along  offsets,  generally.  In 
the  southern  states  of  Germany  the  plane  table  is  extensively  used 
for  these  surveys,  while  the  northern  states  give  preference  to  the 
polygonic  methods  using  tachymeters,  theodolites,  compass,  etc. 

The  cadastral  maps  of  Bavaria  are  lithographed  on  1-5  000  scale, 
those  of  Wiirtemberg  on  1-2  500  scale ; Duchy  of  Brunswick,  1-3  000 
scale  for  general  maps  and  1-1 500  for  towns  and  villages.. 

The  city  of  Hanover  has  been  surveyed  and  mapped  in  quite  an  elab- 
orate manner : 

Scale  of  general  map  of  city 1-5  000 

33  sheets  showing  the  streets 1-1250 

13  sheets  of  the  13  wards  of  the  city,  into  which  the  city  had  been  subdivided 

for  this  survey 1-1 250 

1 3 sheets  of  the  same  13  sections 1-5  000 

Maps  of  all  city  lots  and  improvements 1-125 

Outlines  of  buildings  of  all  improved  city  lots,  including  descriptions  of 

building  material  and  estimated  value  of  improvements 1-125 
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The  city  of  Berlin  was  surveyed  on  a scale  of  1-250.  The  published 
plans  are  printed  from  copper  plates  on  scale  of  1-1 000.  The  plans  are 
scratched  into  “gelatin  paper,”  the  scratches  filled  with  graphite  dust 
and  transferred  to  a thin  wax  coating  upon  the  copper  plates.  After 
having  been  engraved  on  copper  these  plans  are  transferred  to  stone 
(by  Straube  in  Berlin)  in  order  to  get  prints  from  these,  avoiding  the 
distortion  caused  by  wetting  the  paper  from  copper  prints.  An  exten- 
sive system  of  precise  leveling  was  carried  out  upon  which  the  new 
survey  of  Berlin  has  been  based.  In  1886  over  4 000  bench-marks  had 
been  established  on  iron  bolts  (inserted  into  walls  and  buildings) 
specially  designed  for  this  purpose. 

The  permissible  error  for  level  lines  is  given  in  condensed  form  for 
the  new  Berlin  survey  as  follows : 

2 millimetres,  error  for  lengths  up  to  50  metres. 

4 millimetres,  error  for  lengths  Irom  100  to  250  metres. 

6 millimetres,  error  for  lengths  from  500  to  750  metres. 

8 millimetres,  error  for  lengths  from  1 000  to  1 500  metres. 

10  millimetres,  error  for  lengths  from  2 000  to  2 500  metres. 

15  millimetres,  error  for  lengths  from  6 000  to  7 000  metres. 

20  millimetres,  error  for  lengths  from  11  000  to  12  000  metres. 

In  the  city  survey  of  Hamburg  the  aneroid  of  Reitz-Deutsohlein  was 
used  (in  wooden  case  and  with  microscopical  reading)  and  curves  run 
with  this  instrument  in  a vertical  interval  of  1 metre.  (With  these 
instruments  interpolations,  within  half  an  hour’s  time  and  within  a 
range  of  difference  in  elevation  up  to  80  metres,  have  been  made  with 
a mean  error  of  A 0*4  metre.)  (Zeitschrift  fur  Vermessungswesen,  1873). 

Photo grammetry  has  been  practiced  by  the  Germans  for  military 
purposes  chiefly,  although  a special  chair  is  maintained  at  the  royal 
technical  high  school  at  Chari ottenburg,  near  Berlin,  for  the  study  of 
this  branch  of  topographical  surveying.  It  is  recommended  for  hilly, 
steep-cliffed  regions  and  for  the  study  of  lateral  changes  in'beaches 
and  shore  liues  generally.  The  Germans  also  use  a number  of  reflect- 
ing distance-measuring  instruments  in  cases  where  it  is  difficult  to 
employ  rod  men.  The  following  list  comprises  the  most  popular  ones 
of  this  class  of  instruments: 

The  engymeter  of  Fallon  (Austria). 

Distance  measurer  of  Adri  & Son  (Germany). 

Distance  measurer  of  Tavernier  Gravet  (France  and  Germany). 

Distance  measurer  of  Fortin  (France  and  Germany). 

Distance  measurer  of  Oeribotani  (Italy  and  Germany). 

Ceribotani’s  distance  measurer  of  1 metre  base  gave  for  distances  of: 

150  metres  an  error  of  0’2  metres. 

300  metres  an  error  of  0-8  metres. 

600  metres  an  error  of  3’2  metres. 

1 000  metres  an  error  of  10'7  metres. 

2 000  metres  an  error  of  42-7  metres. 

3 000  metres  an  error  of  96  0 metres. 
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Oertel  & Son,  in  Munich,  have  constructed  a distance-measuring  tele- 
scope which  is  highly  recommended: 

A B is  a rule  over  which  a telescope  (with  two  vertical  wires)  can 
slide  in  either  direction,  the  optical  axis  of  the  telescope  always  remain- 
ing at  right  angles  to  A B. 

The  distance  D of  point  P from  station  A B is  to  be  determined. 

The  telescope  is  clamped  on  the  zero  mark  C of  rule  A B,  and  the 
whole  instrument  moved  to  the  right  or  left  until  the  right-hand  wire 
r bisects  P.  The  rule  A B is  now  held  in  this  position  and  the  tele- 
scope moved  towards  B until  the  point  P is  bisected  by  the  left-hand 
wire  l. 
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B. — AUSTRIA. 

The  new  special  topographical  (military)  survey  of  Austria  which 
was  begun  in  1869  in  Tyrol,  is  published  on  a scale  of  1-75000. 

The  field  sheets  were  plotted  on  a scale  of  1-25000  and  the  survey  is 
chiefly  based  upon  the  cadastral  survey  of  the  Empire.  In  the  moun- 
tainous regions,  each  working  section  (four  of  which  make  one  special 
map  sheet  of  30  minutes  length  and  15  minutes  width)  contains  on  an 
average  1 600  points  of  elevation  (bench  marks),  which  number  is  re- 
duced for  the  more  level  parts  of  the  country,  where  one  sheet  contains 
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about  400  of  such  points.  These  points  of  elevation  are  based  upon 
level-lines  of  precision,  (13  800  kilometres  of  which  had  been  run  at  the 
end  of  1884,  giving  2 417  primary  bench  marks)  and  upon  data  furnished 
by  the  military  and  cadastral  triangulation.  Each  working  section 
had  on  an  average  eight  or  nine  elevations  of  precision  or  primary  bench 
marks,  upon  which  the  number  mentioned  above  (400  to  1 600)  was  based. 
These  subsequent  points  were  established,  partly  trigonometrically, 
partly  barometrically  with  'Naudet’s  aneroid.  The  contours  are  given 
for  intervals  of  100  metres,  where  the  grade  is  over  10°  and  in  20  metre 
intervals  for  grades  less  than  10°. 

Based  upon  this  survey  on  field  scale  of  1-25000,  the  special  topo- 
graphical map  of  715  sheets  was  published  on  1-75000  scale.  (The  en- 
tire map  would  cover  an  area  of  133  square  metres.) 

The  published  sheets  are  arranged  so  that  the  east  and  west  mar- 
gins are  meridians  in  equidistant  intervals  of  30  minutes  each. 

The  top  and  bottom  margins  are  parallels  in  equidistant  intervals  of 
15  minutes  each.  The  projection  used  is  the  same  as  in  Prussia,  the 
polyeder  projection.  The  total  map  extends  from  42°  to  51°  15'  latitude 
and  from  27°  to  44°  30'  longitude.  The  zones  are  counted  from  north 
to  south  (1  to  37)  and  the  columns  from  west  to  east  (i  to  xxxv).  This 
survey  was  finished  in  April,  1885. 

This  work  has  been  published  by  heliogravure. 

The  cadastral  survey  upon  which  this  topographical  survey  was 
based  had  for  its  basis  a triangulation  and  plane  table  survey,  and 
it  was  made  in  three  scales  for  different  localities : 1-12500, 1-6250,  and 
1-3125. 

With  the  aid  of  this  cadastral  survey  and  level  data,  obtained  as  men- 
tioned above,  and  by  combining  the  plane  table  with  direct  measure- 
ments the  terrene  was  sketched  in  on  the  1-25000  scale  field  sheets. 

One  topographical  party  (military)  averaged  0*9  square  mile  per 
day  on  scale  1-25000  and  0-4  square  mile  on  scale  1-12500.  Gold- 
schmidt’s aneroid  is  extensively  used  for  running  out  contours  in  Aus- 
tria, the  rodman  carrying  the  aneroid,  by  means  of  which  he  adjusts  his 
position,  before  holding  his  rod  up  on  the  critical  points  of  the  contour. 

C. — SWITZERLAND. 

The  methods  generally  used  for  topographical  surveys  in  this  coun- 
try have  been  alluded  to  in  the  preceding  pages. 

The  original  sheets  of  the  topographic  atlas  of  Switzerland  for  roll- 
ing country  are  on  1-25000  scale ; for  mountainous  country,  1-50000  scale. 

The  general  maps  of  the  same  regions  are  published  on  scales  of 
1-100000  and  1-500000,  respectively. 

The  Dufour  atlas,  in  twenty-five  sheets,  is  published  on  1-100000  scale; 
the  same  has  been  reduced  to  a wall  map  in  four  sheets  of  1-250000 
scale. 
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Iii  the  retrospection  of  the  foregoing  report  I would  respectfully  sug- 
gest a consideration  of  the  following: 

(1)  The  polar  method  as  originally  devised  by  Lehmann  and  im- 
proved by  combining  the  telemeter  with  the  plane  table  (Reichen- 
bach’s  telemeter,  first  described  in  Dingler’s  Polytechnic  Journal  of 
1850  by  G.  Deeher)  has  now  almost  been  supplanted  by  the  tachymetric 
method. 

This  method  (tach6ometric)  was  first  employed  by  French  engineers 
and  has  been  in  use  since  1860.  Tach<§ometre  (in  Germany  taehygraph- 
ometer  or  simply  tachymeter)  avoids  both  the  reduction  of  telemeter 
reading  to  the  horizon,  and  the  calculation  of  the  elevations,  based  on 
the  vertical  angle  and  reduced  telemeter-reading  (with  aid  of  formula 
or  tables),  inasmuch  as  the  tachymeter  performs  these  calculations 
automatically.  The  use  of  the  new  tachymetric  plane-table  also  dis- 
penses with  the  use  of  dividers  for  plotting  distances.  The  fact  that 
this  instrument  has  superseded  the  plane-table  with  distance-reading 
alidade  throughout  Europe  would  suggest  a closer  inspection  and  in- 
vestigation of  the  merits  of  this  instrument  with  a view  of  increasing 
the  rapidity  of  topographical  surveys. 

(2)  The  marked  improvements  in  the  construction  of  aneroid  barom- 
eters in  recent  years  (invented  by  Yidi,  1847,  and  constructed  by  Bour- 
don in  1848  ; improved  by  Naudet;  by  Goldschmidt,  in  Zurich,  1859; 
by  Reitz  and  Deutschlein  in  Hamburg;  by  Prof.  Weilmann  in  Zurich, 
etc.)  have  justified  their  use  in  leveling  operations  made  for  topograph- 
ical purposes. 

The  method  of  barometric  determination  of  elevations  for  the  plot- 
ting of  the  terrene  by  employing  aneroids,  has  chiefly  been  perfected 
in  Austria  (in  a measure  also  in  the  southern  states  of  Germany  and 
England)  where  YidiATaudet’s  aneroid  is  principally  used.  In  Ger- 
many, Goldschmidt’s  (self-registering)  and  Reitz-Deutschlein’s  aneroids 
are  preferred  for  topographical  purposes.  * In  Austria  contours  have 
been  run  out  (on  calm  and  cloudy  days)  by  placing  the  rodman  on  a 
contour  and  noting  the  reading  of  the  aneroid.  The  rodman  then  pro- 
ceeds to  follow  the  contour  out,  selecting  the  next  characteristic 
change  in  its  course,  and  moving  up  or  down  hill  until  the  aneroid 
gives  the  same  reading  as  at  the  first  point.  He  then  holds  the  tele- 
metre in  this  new  point  of  the  contour  until  the  observer  at  the  plane- 
table  has  read  the  distance  and  waved  him  off,  whereupon  he  selects 
the  next  point  on  the  contour  in  the  same  manner,  and  so  on. 

If  the  aneroids  are  sufficiently  trustworthy  to  give  the  elevations 
within  a limit  of  error  of  one  metre  (Schoder,  in  his  Hiilfstabellen  zu 
barometrischen  Hohenmessungen,  Stuttgart,  1874,  has  given  the  mean 
error  for  the  elevations  of  47  points  lying  within  a vertical  range  of 
113  metres  as  0-94  metres)  the  trial  of  these  instruments  seems  advis- 
able for  traverse  work  through  wooded  sections  and  also  for  rapid  gen- 
eral topographical  surveys. 
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NOTES  ON  EUROPEAN  TOPOGRAPHIC  MAPS,  FROM  THE  REPORT  BY  GEN. 

DERRECAGAIX  TO  THE  INTERNATIONAL  GEOGRAPHICAL  CONGRESS 

HELD  AT  PARIS  IN  1889. 

[Presented  by  Assistant  W.  C.  Hodgkins.] 

BELGIUM. 

Independent  Belgian  surveys  were  not  instituted  till  1831.  In  that 
year,  on  January  26,  the  Depot  de  la  Guerre  was  established.  In  1878 
its  title  was  changed  to  that  of  Cartographic  Institute. 

The  maps  of  Belgium  are  prepared  on  the  three  scales  of  1-20000, 
1-40000,  and  1-160000.  The  maps  on  the  last  two  scales  are  derived 
from  the  first. 

At  one  time  a map  on  1-80000  was  proposed  and  was  actually  beguu. 
This  would  have  harmonized  with  the  maps  of  France  and  of  Rhenish 
Prussia  and  Westphalia  on  the  same  scale.  But  the  latter  maps  hav- 
ing been  supplanted  by  the  1-100000  map  of  the  German  Empire,  one 
of  the  reasons  for  the  existence  of  an  80000th  map  of  Belgium  disap- 
peared. Besides,  the  map  on  1-40000  gave  all  principal  details  and 
that  on  1-160000  was  excellent  for  more  general  purposes.  It  was 
found  that  the  80000  would  often  show  too  much  or  not  enough  detail, 
and  as  from  the  military  point  of  view  it  did  not  offer  advantages  pro- 
portional to  its  cost,  it  was  decided  to  abandon  it. 

There  is  also  a map  on  1-10000,  which  is  simply  an  enlargement  of 
the  surveys  on  1-20000. 

The  field  work  on  1-20000  is  based  upon  an  old  triangulation,  revised 
and  completed  since  1831 . The  triangulation  was  completely  finished  in 
1866,  and  comprises  4182  triangles  of  the  three  orders,  in  an  area  of 
29  455  square  kilometres.  It  is  connected  with  the  work  of  the  neigh- 
boring countries.  The  cadastral  plans  reduced  to  1-20000  serve  as  a 
base  for  the  preparation  of  the  plane-table  sheets. 

The  planimetry  was  verified  and  completed  upon  the  ground. 

The  study  of  the  relief  was  very  complete,  more  so  than  in  any 
country  of  Europe  with  the  exception  of  some  provinces  of  Holland. 

The  contour  interval  is  one  metre,  except  on  the  right  bank  of  the 
Meuse,  where  it  is  five  metres.  Heights  refer  to  mean  low  water  of 
spring  tides  at  Ostend. 

DENMARK. 

The  general  staff  of  the  army  has  charge  of  the  surveys.  Decimal 
scales  are  used,  but  not  the  metric  system. 

Horizontal  contours  for  the  representation  of  relief  were  first  used  in 
Denmark. 

The  work  began  about  1830.  The  triangulation  was  finished  in  1871. 
It  is  connected  on  the  north  with  the  Norwegian  triangulation  and  on 
the  south  with  the  Prussian. 
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The  geometric  leveling  of  the  first  and  second  orders  was  begun  in 
1874  and,  favored  by  the  slight  relief  of  the  ground,  has  been  carried  on 
with  especial  care.  The  number  of  elevations  determined  varies  from 
150  to  260  per  square  mile. 

The  topographical  surveys,  begun  in  1830,  are  invariably  executed  on 
1-20000,  by  the  aid  of  pantographic  reductions  of  the  land  (or  cadas- 
tral) surveys  on  1-4000. 

These  reductions  are  fitted  to  a reduction  of  the  geodetic  triangula- 
tion; then  completed  and  revised  on  the  ground. 

The  topographer  occupies  each  of  the  stations  of  the  precise  levels 
and  determines  by  radiation  the  positions  and  elevations  of  enough 
points  to  insure  the  exact  drawing  of  the  curves,  the  vertical  interval 
of  which  is  5 Danish  feet  (1*57  metres  = 5T5  feet  United  States  stand- 
ard). Upon  slopes  above  14°  the  interval  is  40  feet. 

The  work  is  published  on  1-20000  in  photolith.  Size  of  sheets,  0-38  by 

0- 314  metres.  It  is  also  published  on  1-40000  and  1-80000,  these  sheets 
being  engraved  on  copper  in  excellent  style. 

The  engraving  is  done  with  Porensen’s  “ chalcograph,”  a kind  of 
pantograph  which  has  a finely  pointed  diamond  upon  the  tracing  point. 
The  reduction  is  thus  done  directly  upon  the  copper  and  is  afterwards 
touched  up  by  hand.  The  engraving  is  too  fine  for  good  effect. 

HOLLAND. 

The  chief  characteristic  of  the  Dutch  surveys  seems  to  be  the  great 
minuteness  with  which  all  details  are  shown. 

The  relief  is  in  general  slight,  and  therefore  single  houses  can  be 
shown  even  on  1-200000. 

The  older  surveys  were  made  on  1-25000  and  published  on  1-50000. 

Since  1874  a new  survey  of  the  rivers  on  1-5000  has  been  in  progress. 

PORTUGAL. 

Surveys  are  made  on  1-50000  and  1-100000.  Published  sheets  on 

1- 100000  and  1-500000. 

The  work  is  of  rather  low  grade. 

Curves  are  shown  at  intervals  of  25  metres  on  the  100000  and  of  100 
metres  on  the  500000. 

ROUMANIA. 

The  triangulation  of  Moldavia  is  connected  with  the  Russian  scheme 
in  Bessarabia  and  with  that  executed  by  the  Austrians  in  Wallachia 
in  1855-’56-’57,  also  with  the  Transylvanian  triangulation. 

The  first  topography  done  was  in  the  Dobrudscha,  which,  being 
almost  flat  and  nearly  uninhabited,  offered  a favorable  field  for  a first 
attempt. 

This  survey  was  finished  in  1886  and  the  more  difficult  work  in  Mol- 
davia was  then  taken  up,  and  80  sheets  were  done  there  in  1887  and 
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1888.  The  force  consisted  of  one  major,  1 captain,  and  32  lieutenants. 
The  work  was  done  on  1-50000  in  the  Dobrudscha  and  on  1-100000  in 
Moldavia.  Eelief  is  shown  by  contours. 

The  plane  table  is  used,  with  a German  pattern  of  telescopic  alidade. 
The  compass  is  also  used. 

The  published  charts  are  lithographs  in  colors,  on  1-200000.  Pro- 
jected roads  are  shown  by  dotted  lines.  Telegraph  lines  are  shown. 

Few  elevations  are  given;  averaging  one  in  40  square  kilometres. 

RUSSIA. 

A corps  of  military  topographers  was  established  iu  1822  and  com- 
pletely organized  in  1826.  In  1£66  the  corps  was  re  organized,  and 
consisted  of  6 generals,  33  superior  officers,  156  officers,  170  topogra- 
phers, 236  topographers  ranking  as  corporals,  42  students.  The  ap- 
propriation was  $136  000. 

In  1877  the  section  of  military  topography  was  again  re-organized 
with  a main  office  at  St.  Petersburg.  In  1887  this  service  included 
10  generals,  24  officers  of  the  general  staff,  154  officers,  223  topogra- 
phers, and  to  supply  vacancies,  12  officers  of  infantry,  42  assistant 
topographers,  2 civil  employes,  a total  of  447.  The  law  requires  a 
force  of  not  less  than  367  persons. 

The  field  work  is  done  on  1-21000  in  the  settled  districts  and  on 
1-42000  in  the  northern  provinces  and  on  the  great  steppes  of  the  east. 

The  compensation  of  the  officers  ranges  from  $4  240  for  chiefs  of  sec- 
tions to  $1  020  for  assistant  topographers. 

An  academy  or  training  school  is  connected  with  the  service. 

During  the  war  between  Eussia  and  Turkey,  the  corps  made  sur- 
veys of  the  country  traversed  by  the  Eussian  army,  and  prepared  a map 
on  1-126000.  In  three  years,  180  topographers  determined  51  astro- 
nomical stations,  measured  6 base  lines,  completed  a triangulation  of 
1 287  stations,  surveyed  46  900  square  miles  and  made  a reconnaissance 
of  5 500  more.  The  bases  were  from  3 to  6 kilometres  long,  and  were 
measured  with  wooden  rods.  The  triangulation  was  connected  with 
the  Eussian  and  Austrian  systems. 

In  the  settled  districts  the  surveys  were  on  1-42000,  elsewhere  on 
1-84000.  Eelief  was  represented  by  contours  at  intervals  of  8 metres, 
10  metres,  and  sometimes  more.  In  this  way  the  survey  of  the  Balkans 
was  done  in  less  than  three  years.  This  Avork  corresponds,  on  an 
average,  to  the  survey  of  a strip  of  country  238  by  38  miles,  each  year. 
The  cost  was  very  great,  but  the  results  were  also  remarkable. 

In  maps  of  Eussia  the  scales  are  based  on  the  number  of  versts  to 
the  inch. 

The  inch  and  foot  are  the  same  as  the  English. 

The  sagene  equals  7 feet  = 2*133  metres  and  is  used  for  heights. 

The  verst  = 500  sagenes  = 1066*78  metres  = 3 500  feet. 
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The  principal  maps  are: 

(1)  The  chart  on  the  scale  of  10  versts  to  the  inch  (1-420000)  of 
European  Russia  in  154  sheets,  and 

(2)  The  topographic  map  on  the  scale  of  3 versts  to  the  inch 
(1-126000)  of  European  Russia  in  972  sheets  and  59  sheets  for  Poland. 
There  is  also  a map  of  the  province  of  Moscow  on  1-84000  in  40  sheets, 
a chart  of  Turkey  in  Asia  on  1-840000,  a military  map  of  Turkestan 
on  1-680000,  and  in  general  maps  called  provincial  on  1-210000. 

The  triangulation  has  extended  over  a long  series  of  years  and  is  of 
varying  degees  of  precision. 

Precise  levels  were  begun  in  1873.  They  generally  follow  the  rail- 
ways. They  appear  to  be  largely  dependent  upon  vertical  angles. 

Field  work  was  at  first  done  on  1-146000  and  1-105600.  In  1844, 
the  scale  of  1-42000  was  adopted  and  later  still  1-21000  for  cultivated 
territory.  Relief  was  represented  by  hachures. 

In  1870,  when  the  greater  part  of  the  western  provinces  was  already 
surveyed,  the  form  of  the  work  was  changed.  The  use  of  colors  was  re- 
jected and  a greater  number  of  bench  marks  being  furnished  the  topog- 
raphers, the  terrene  was  ordered  to  be  represented  by  contours  with 
intervals  of  2 sagenes  = 14  feet. 

The  surveys  are  now  going  on  in  the  northwestern  provinces,  where 
in  the  last  season  34  topographers  surveyed  3 778  square  versts  on 
1-21000  at  a cost  of  67  478  roubles  (1658  square  miles  for  $53  982,  or 
$32*56  per  square  mile).  Each  topographer  averaged  24  square  versts 
(about  10 J square  miles)  per  month. 

Other  special  surveys  were  also  made  on  the  southwestern  frontier . 
The  average  cost  ot  a square  verst  in  European  Russia  is  stated  by  Gen- 
eral Derrecagaix  at  17  roubles  ($13*60),  which  would  make  the  average 
square  mile  cost  $31. 

Surveys  in  Asia  have  been  made  on  various  scales  from  1-17000  to 
1-84000. 

The  chart  on  1-420000  was  begun  in  1840,  is  engraved  on  copper  and 
is  kept  up  to  date.  The  relief  is  shown  by  hachures  with  vertical  light. 
There  is  also  a lithographic  edition  in  four  colors.  Each  sheet  includes 
3°  30'  in  longitude  and  1°  48'  in  latitude.  Brown  is  used  for  the 
hachures,  green  for  the  forests,  horizontal  blue  lines  for  the  marshes, 
black  for  all  other  features.  The  number  of  buildings  in  each  town  is 
given  on  the  chart.  The  map  on  1-120000  is  also  on  copper  and  is 
printed  in  black.  Occasional  elevations  are  given. 

SPAIN. 

In  Spain,  there  are  two  organizations  which  produce  maps.  In  1856 
the  aComision  Militar  del  Mapa  ” began  a triangulation  of  the  coun- 
try. In  1865  two  divisions  were  formed,  one  for  geographic  work  and 
one  for  statistics.  In  1870  these  were  united  to  form  the  Geographic 
and  Statistical  Institute,  which  is  under  the  direction  of  the  Minister 
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of  Agriculture  and  Public  Works.  In  addition  there  is  the  Depot  de 
la  Guerre,  under  the  direction  oi  the  Minister  of  War  and  engaged 
entirely  in  cartography  and  military  reconnaisances. 

The  Geographical  and  Statistical  Institute,  which  was  re-organized 
in  1877,  takes  charge  of  the  geodesy,  the  regular  topography,,  the  pre- 
cise levels,  the  cadastral  surveys  and  records,  the  legal  metric  meas- 
ures, and  publications  in  relation  to  statistics  and  meteorology. 

The  Depot  de  la  Guerre  has  its  own  map  making  and  printing  estab- 
lishment for  the  ready  production  of  military  maps. 

The  triangulation  of  Spain  is  of  a very  excellent  quality,  and  is  con- 
nected with  the  French  work  on  the  north  and  the  Algerian  on  the 
south. 

The  leveling  was  also  done  with  much  care.  Precise  geometric  levels 
were  begun  in  1871  and  were  supplemented  by  levels  of  the  second 
order  and  by  a network  of  traverse  lines  about  600  metres  apart. 

Heights  are  referred  to  mean  level  of  the  sea  at  Alicante. 

Field  work  is  done  on  1-25  000  and  shows  the  boundaries  of  the  com- 
munes, all  streams,  means  of  communication,  inhabited  places,  and 
culture.  In  this  country,  there  are  cadastral  surveys  for  only  a small 
part  of  the  territory,  and  the  survey  is  consequently  slow.  To  limit 
to  some  extent  the  amount  of  work,  subdivisions  of  less  than  25  acres 
are  omitted.  Contours  are  drawn  in  the  held  at  vertical  intervals  of 
10  metres.  Published  maps  are  lithographed  on  1 — 50  000,  in  colors. 

SWEDEN  AND  NORWAY. 

The  corps  of  geometrical  surveyors  formerly  had  charge  of  the  prep- 
aration of  geographical  charts  of  the  kingdom.  Now  it  is  employed 
only  in  the  publication  of  the  cadastral  survey,  on  the  scale  of  1-4000. 

Ordinary  surveys  and  map  making  are  made  by  the  topographic 
section  of  the  Swedish  general  staff.  There  is  also  attached  to  this 
section  an  economic  and  statistical  survey  of  the  soil. 

The  cadastral  survey  forms  the  basis  of  all  the  others.  When  it  is 
defective,  a survey  is  made  to  supply  the  omissions  or  to  correct  the 
errors. 

In  Norway,  the  Geographic  Institute  of  Chrisiiana  in  charge  of  a 
superior  officer  under  the  direction  of  the  Secretary  of  War  makes  the 
surveys  and  publishes  the  maps. 

The  triangulation  of  the  two  countries  has  been  finished  and  revised, 
but  is  sparse  in  the  northern  parts. 

Determination  of  relief  rests  upon  precise  levels  carried  across  the 
country  from  sea  to  sea,  and  furnishing  from  twenty  to  twenty-five 
determined  points  per  square  mile. 

Surveys  are  made  on  three  scales,  1-20000  for  settled  districts  and 
important  places,  1 — 50000  or  1-100000  for  the  northern  regions  and 
high  mountains.  The  land  surveys  on  1-4000,  which  form  the  basis  for 
H.  Ex.  43,  pt.  2 44 
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the  twenty- thousandth  work,  are  not  published.  The  originals  are 
kept  in  the  archives  of  each  province,  and  copies  are  deposited  in  the 
central  office  at  Stockholm  or  Christiana. 

The  principal  published  maps  are  those  on  1-100000  and  on  1-200000. 
There  are  also  geologic  and  other  general  and  special  maps.  All  show 
a great  amount  of  detail,  made  necessary  by  the  peculiar  character  of 
the  country.  Roads,  rivers,  and  the  borders  of  lakes  and  seas  are  col- 
ored by  hand.  Both  vertical  and  horizontal  hachures  are  used  to  ex- 
press relief,  the  former  in  arable  land,  the  latter  in  rocky  places. 

The  map  of  Norway  is  lithographed  in  colors.  Contours  in  brown, 
water  and  marsh  in  blue,  glaciers  in  green,  the  rest  in  black. 

The  general  map  of  the  two  countries  on  1-200000  is  both  engraved 
and  lithographed.  It  shows  nearly  as  much  detail  as  the  one  hundred 
thousandth. 

Relief  is  represented  by  34-metre  contours. 

CONCLUSIONS  OF  GENERAL  DERRECAGAIX. 

The  study  of  large  scale  topographic  charts  has  brought  out  various 
general  results,  which  may  be  thus  summed  up: 

In  addition  to  cadastral  and  tactical  maps  three  general  types  have 
been  adopted — 

(1)  Reproductions  of  the  notes  of  surveys  on  a large  scale,  varying 
from  1-20000  to  1-50000,  except  in  England,  where  there  is  a real, 
leveled  cadaster. 

(2)  A topographic  map,  most  commonly  on  1-100000,  as  in  Italy, 
Switzerland,  Germany,  Portugal,  Sweden  and  Norway,  and  Roumania. 

(3)  A chorograpliic  map  on  1-200000,  as  in  Austria,  Holland,  France, 
and  Sweden  and  Norway. 

From  these  facts,  and  recent  improvements  in  methods  and  instru- 
ments, General  Derrecagaix  deduces  the  following  proposals : 

(1)  The  general  use  of  the  metric  system  to  express  heights. 

(2)  Uniformity  in  conventional  signs. 

(3)  The  adoption  of  a common  scale  for  topographic  and  chorographic 
maps,  the  one  hundred  thousandth  and  two  hundred  thousandth  being 
the  best. 

(4)  The  publication^  reproductions  of  large  scale  surveys. 


PHOTOGRAMMETEY— SHORT  HISTORICAL  REVIEW  OF  FRENCH  AND 
GERMAN  SURVEYS. 

[Presented  by  Assistant  J.  A.  Flemer.] 

Regarding  a photograph  as  a geometrically  true  perspective,  plioto- 
grammetry  will  be  the  art  of  reconstructing  geometrical  projections, 
upon  a plane  surface  of  the  terrene  given  and  represented  in  perspec- 
tive views. 

The  theoretical,  fundamental  principles  upon  which  such  reconstruc- 


REPORT  FOR  1891 PART  II. 


601 


Photogrammetry — Historical  review  of  French  and  German  surveys. 

tions  are  primarily  based  were  already  known  to  Lambert,  who  pub- 
lished a work  on  perspective  as  early  as  1750. 

The  French  savant,  Beautempx-Beaupre,  attempted  the  first  practical 
application  of  these  principles  for  the  use  of  topography  while  on  a 
scientific  expedition  in  1791-1793,  when  he  made  perspective  drawings 
of  coast  regions,  aud  later  constructed  topographical  maps  based  on 
these  drawings.  A map  of  a part  of  Van  Dieman’s  Land,  and  also  of 
the  island  Santa  Cruz,  was  obtained  by  him  in  this  manner. 

Although  Beautemps-Beaupre  frequently  referred  to  the  feasibility  of 
constructing  topographical  maps  based  on  this  method,  the  same  almost 
sank  into  oblivion  until  M.  Laussedat,  major  in  the  French  army, 
again  took  the  subject  up. 

In  1851  he  constructed  a modified  u camera  clara,”  which  was  super- 
ceded  in  1858  by  the  u camera  obscura,”  with  additional  improvements 
by  Regnault,  for  surveying  purposes. 

Laussedat  made  numerous  experiments  with  Regnault’s  improved 
u camera  obscura,”  partly  on  his  own  behalf  and  partly  under  the 
auspices  of  the  French  ministry  of  war.  His  experiments  were  con- 
tinued by  Javary  from  1863-1870. 

The  first  Herman  record  on  this  subject  is  probably  the  article  pub- 
lished in  Horn’s  Photographic  Journal  in  April,  1863.  This  article  is  a 
description  of  Laussedat’ s experiments,  as  given  by  him  in  a meeting  of 
the  French  Photographic  Society,  held  January  9,  1863. 

We  find  Meydenbaur’s  first  publication  on  photogrammetry  in  the 
June  number  of  the  Photographic  Journal  for  1863  (“Photographisehe 
Mittheilungen”),  in  which  he  uses  the  term  photometography,  which 
was  subsequently  changed  into  photogrammetry. 

Pujo  andFourcode  published  a joint  essay  in  Les  Moudes,  1865,  on 
u Goniometrie  Photographique.” 

In  the  March  number  of  the  “Photographische  Mittheilungen  ” for 
1866,  we  find  an  article  by  Vogel  on  the  use  of  Johnson’s  photographic 
apparatus  for  making  topographical  surveys,  in  which  he  shows  the 
construction  of  vertical  and  horizontal  angles. 

Ever  since  Meydenbaur  first  became  interested  in  the  method  of 
photogrammetry  he  endeavored  to  interest  private  and  governmental 
surveyors  in  the  method. 

Jordan  aud  Hauck  have  also  done  much  to  popularize  this  method 
* in  Germany. 

Since  1869,  photogrammetry  was  treated  both  theoretically  and 
practically  in  the  Royal  Building  Academy  (Kgl.  Bau  Academy)  in 
Berlin,  Prussia,  in  the  lectures  on  geodesy  and  photography.  Several 
years  ago  the  new  Royal  Technical  High  School  in  Charlottenburg, 
near  Berlin,  was  completed,  and  since  then  a special  chair  has  been 
maintained  there  for  the  purpose  of  teaching  photogrammetry  theoreti- 
cally and  practically ; at  present  Dr.  Pietsch  fills  said  chair. 
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The  first  attempt  to  make  a more  extended  practical  survey  with  the 
camera  in  France  was  made  by  Laussedat  in  1861,  when  he  mapped  a 
portion  of  the  city  of  Paris,  which  work  was  followed  by  the  photo- 
graphic survey  of  the  town  of  Grenoble,  under  the  direction  of  the 
French  Ministry  of  War.  The  area  covered  by  this  survey  was  0-1 
square  mile.  The  field  work  lasted  sixty  hours  and  the  office  work 
two  months. 

J avary’s  work  in  this  direction  closely  followed  Laussedat’s. 

In  Germany,  the  first  larger  attempt  was  made  in  1867,  under  the 
direction  of  the  Royal  Prussian  Ministry  of  War  and  Commerce,  con- 
sisting in  a topographical  survey  of  the  town  of  Freiburg,  and  also  an 
architectural  survey  of  the  dome  in  Freiburg.  Field  work  lasted  four 
days.  The  area  covered  about  0-04  square  mile.  The  office  work  for 
the  construction  of  the  topographical  map  took  three  weeks.  The 
drawing  of  the  ground  plan,  one  front  and  one  side  elevation  of  church, 
took  eight  days. 

During  the  Franco-Prussian  war,  photography  was  called  to  aid  by 
the  German  army,  and  a detachment  for  field  photography  was  formed 
to  obtain  and  plot  a certain  area  about  Strasburg  with  the  aid  of 
the  camera. 

This  detachment  (under  direction  of  Dr.  Doergens,  now  professor 
of  geodesy  in  Berlin,  Teehn.  High  School)  made  a map,  scale  1-2500 
of  the  besieged  front  of  the  city.  The  data  obtained  by  this  survey, 
however,  were  not  utilized,  as  the  city  capitulated  a few  days  after  the 
detachment  had  commenced  its  work.  Some  discrepancies  were  dis- 
covered in  this  survey,  which  were  attributed  to  defects  in  the  lens  of 
the  instrument  used. 

Jordan,  a member  of  Rohlf’s  African  expedition,  1873-1874,  made  a 
good  photogrammetric  survey  of  the  Oasis  Gassr  Dachel,  in  the  Libyan 
Desert.  In  1874,  Stolze  used  a Meydenbaur  camera- theodolite  to  make 
a survey  of  the  ruins  of  Persepolis  and  of  the  temple  of  Djamaht  in 
Shiraz,  Persia. 

ASCERTAINING  AND  REPRESENTING  UPON  A PLANE  SURFACE  ANY 
PORTION  OF  THE  SURFACE  OF  THE  EARTH,  BY  MEANS  OF  A 
PHOTOGRAPHIC  PROCESS  KNOWN  AS  u FHOTOGRAMMETRY.” 

The  idea  of  utilizing  the  image  obtained  with  a u camera  obscura” 
for  a geometrically  true  representation  of  terrene  or  buildings,  is  prob- 
ably as  old  as  the  camera  itself,  but  the  chances  of  the  realization  of 
the  idea  have  become  probable  only  with  the  improved  methods  and 
general  progress  made  in  photography  during  recent  years. 

Experiments  in  this  direction  were  notably  made,  at  an  early  date, 
in  Italy  and  France;  practical  results,  however,  failed  to  materialize, 
swing  partly  to  the  uncertainty  and  slowness  of  the  photographic 
process  in  general,  and  partly  to  the  greatly  increased  efficiency  of 
other  surveying  instruments  and  methods. 

By  mastering  photography  and  combining  it  with  geodetical  instru- 
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ments,  the  idea  of  photographical  surveying  has  become  a reality,  and 
at  this  date  must  be  regarded  as  a subservient  factor  in  modern 
engineering  no  longer  to  be  overlooked. 

Mr.  Meydenbaur,  who  spent  many  years  in  the  study  of  this  ques- 
tion, has  perfected  this  idea,  and  also  demonstrated  the  capabilities  of 
photogrammetry  by  practical  tests  which  proved  the  efficiency  of  this 
method  of  topographical  surveying.  Also  in  astronomical  surveying, 
photography  has  led  to  excellent  results. 

Photogrammetry  being  comparatively  a recent  invention,  has  not 
yet  attained  its  height  of  perfection,  and  it  is  susceptible  of  many  im- 
provements, still,  notwithstanding  the  cumbersome  nature  of  the 
camera-theodolite,  compared  with  other  surveying  instruments,  its  use 
promises  great  results.  Even  at  its  present  stage  of  imperfection,  Mr. 
Meydenbaur  has,  with  no  other  expedients  or  help  than  his  camera 
and  an  instrument  bearer,  taken  a photographical  survey  of  a val- 
ley in  a mountainous  region  in  a few  hours’  time.  After  a lapse  of 
several  weeks  he  returned  to  his  home,  and  there  constructed  a topo- 
graphical map,  based  on  the  photographical  data  obtained  in  the  field, 
and  a subsequent  comparison  of  his  map  with  another  obtained  by 
plotting  the  results  of  a trigonometrical  survey  of  the  same  region  by 
another  party,  proved  the  correctness  of  his  work. 

Every  survey  is  founded  on  the  determination  of  horizontal  and 
vertical  angles,  measured  at  the  ends  of  a straight  line  (base  line)  of  a 
known  length.  The  camera  produces  an  image  of  the  terrene,  which 
is  to  be  surveyed,  of  the  exact  similitude  as  the  observer  beholds  the 
terrene  from  the  same  point  from  which  the  picture  was  taken.  In 
other  words,  the  camera  fixes  the  true  perspective  view  of  the  terrene 
exactly  as  the  observer’s  eye  sees  it  in  nature.  Similarly  as  the  ob- 
server selects  certain  characteristic  points  in  nature  and  observes  upon 
them,  noting  the  result  and  constructing  a map  with  the  aid  of  the 
data  thus  obtained,  he  can  discover  and  pick  out  the  identical  points 
on  the  photograph  of  the  same  terrene,  and  by  graphical  construction 
he  will  be  able  to  draw  a topographical  map  of  the  area  covered  by  the 
camera’s  images. 

The  camera’s  image  is  produced  by  means  of  a biconvex  lens,  or 
rather  a system  of  lenses,  in  a similar  manner  as  we  suppose  a plane 
perspective  view  originates. 

All  visual  rays  emanating  from  an  object  A B to  the  eye  o,  form  a 
reduced  and  inverted  image,  a b , on  the  retina.  If  a biconvex  lens 
takes  the  place  of  the  eye  at  o,  the  rays  coming  from  A B will  be  re- 
fracted, and  produce  in  the  focus  of  o,  a reduced  inverted  image  a h of 
A B.  Triangles  a o h and  A o B are  similar  ones.  The  focal  distance 
o m is  known  or  can  be  ascertained  experimentally,  for  every  camera, 
and  the  lengths  of  a m and  h m are  obtainable  by  direct  measurements 
on  the  photograph.  The  angles  a o m and  b o m are  also  known  or 


694 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


given  (likewise  all  angles  wliieli  are  included  between  the  rays  emanat- 
ing from  the  point  of  view,  and  the  given  direction,  o m,  from  the  same 
point,  can  be  measured  on  the  photograph).  The  observation  or  deter- 
mination of  these  (horizontal  or  vertical)  angles  becomes  also  necessary 
for  the  orientation  of  the  camera-theodolite,  which  orientation  is  condi 
tinned  by  the  position  of  the  optical  axis  of  the  instrument. 


Whenever  the  deviation  of  the  optical  axis  from  a ray  to  any  object 
represented  in  the  image  is  given  or  known,  the  angles  subtended  by 
the  optical  axis  and  the  lines  to  all  the  other  points  in  the  picture  are 
given,  both  as  horizontal  and  vertical  angles,  and  in  this  fact  rests  the 
great  superiority  and  importance  of  the  photographic  apparatus. 

To  transform  the  photographic  camera  into  a photogrammetric  cam- 
era, it  was  necessary  to  add  several  appliances,  as  the  optical  axis  had 
to  be  made  adjustable  into  a horizontal  position  for  every  station,  the 
instrument  had  to  be  revolvable  about  a vertical  axis  in  a horizontal 
plane  to  cover  the  entire  horizon  from  one  station,  the  optical  axis  was 
to  be  vertical  to  plane  of  image,  etc. 

The  camera  proper  also  had  to  receive  some  modifications,  the  chief 
additions  being  a set  of  cross  wires.  The  horizontal  and  vertical  planes 
became  fixed  on  the  photographs  of  this  camera  in  such  a manner  that 
every  picture  taken  with  the  instrument,  after  the  same  had  been  lev- 
eled up,  showed  two  cross  lines,  which,  with  the  optical  axis  (or  with 
the  vertical  line  to  plane  of  image  in  their  intersection)  fixed  the 
horizontal  and  vertical  planes  for  every  view.  Originally  this  was 
obtained  by  the  insertion  of  two  very  thin  platina  wires  (crossing  each 
other  at  right  angles  in  the  optical  axis  of  camera)  close  to  the  sensitive 
plate,  their  positions  becoming  transmitted  simultaneously  with  the 
picture  to  the  plate  by  the  action  of  the  rays  of  light.  In  all  instru- 
ments of  more  recent  construction,  however,  the  glass-plate  supporter 
bears  four  small  notches,  which  are  printed  upon  the  sensitive  plate 
and  photograph,  and  after  the  print  has  been  dried  these  notch  points 
are  connected  by  straight  lines  drawn  across  the  picture.  By  using 
sensitized  films  or  paper  instead  of  dry  plates,  a thin  glass  plate,  in- 
serted in  the  plane  of  image,  can  be  provided  with  a system  of  equi- 
distant and  parallel  lines  (parallel  to  horizon  and  vertical  plane,)  which, 
becoming  transmitted  to  the  sensitive  surface,  simultaneously  with  the 
picture,  will  greatly  facilitate  measurements  subsequently  to  be  made 
on  the  photograph. 
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The  focal  distance  of  this  camera  is  made  constant  and  it  is  deter- 
mined for  every  instrument  both  by  experiment  and  calculation,  after 
having  focused  the  apparatus  with  the  greatest  precision  in  regard  to 
a sharp  and  well-defined  reflected  picture  of  some  distant  object  on  the 
ground-glass  plate. 

It  is  a well-known  fact  that  the  ordinary  photographic  double  lens 
does  not  draw  mathematically  true  images  of  the  object  represented, 
as  every  photograph  appears  more  or  less  distorted  on  its  edges,  the 
minimum  of  distortion  being  in  the  central  part  of  the  picture.  By 
shutting  out  the  external  rays  (at  a sacrifice  of  intensity  of  illumination) 
and  by  using  well -curved  lenses  (spheroidal  lenses)  it  has  become  feasi- 
ble to  obtain  pictures  which  are  practically  correct,  at  least  within  cer- 
tain limits  (Mr.  Meydenbaur  maintains  that  they  are  true  images  if  the 
angle  subtended  by  the  external  rays  does  not  exceed  110°),  for  all 
topo g rap  1 1 i cal  pur po ses . 

The  external  rays  are  excluded  by  means  of  a diaphragm  A B in- 
serted between  the  two  lenses,  which  has  a small  circular  perforation 
in  its  center  (in  the  optical  axis  of  the  instrument).  Annexed  figure 
shows  the  combination  of  diaphragm  and  lenses. 


For  an  assumed  focal  distance  of  200  millimetres,  let  the  diameter  of 
perforation  at  O be  adopted  as  10  millimetres. 

Rays  proceeding  from  a.  point  N in  nature  produce  the  image  n on 
the  image  plate.  Owing  to  the  perforation  at  O,  only  such  rays  ema- 
nating from  N,  which  form  a cone  around  the  central  ray  N O n,  with  a 
base  of  10  millimetres  diameter  at  O,  and  the  apex  in  n will  be  permitted 
to  reach  n. 

If  we  designate  the  principal  focal  distance  by  f,  and  the  focal  dis- 
tance of  the  lenses  by  a and  h respectively,  there  exists  the  following 
relation  between  them : 


1 

f 

h = 


af 

a — f 
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Adopting  for  f the  value  of  200  millimetres,  assumed  above,  and  sub- 
stituting for  a different  values  lying  between  10  and  700  millimetres, 
we  find  the  following  corresponding  values  for  b: 

m.  m. 

a = 10  fc  = 0-2041 

20  0-2036 

40  0-2010 

100  0-2004 

200  0-2002 

300  0-2001 

400  0-2001 

700  0-2000 

From  this  tabulation  we  will  perceive  that  if  we  have  a fixed  princi- 
pal focal  distance,  say  of  200  millimetres,  the  plane  of  image  will  inter- 
sect the  cones  of  rays  (which  pierce  the  aperture  in  diaphragm)  which 
emanate  from  some  of  the  points  viewed  upon  in  a circle  (or  in  an 
ellipse)  instead  of  being  intersected  in  a point  (the  apex  of  cone).  This 
circle  of  diffused  light  increases  in  size  with  the  decreasing  distance  of 
the  object  viewed  upon  (the  image  falling  beyond  the  image  plate) 
through  the  camera,  as  the  instrument  was  focused  on  a distant  object, 
and  the  focal  distance  is  maintained  unchanged  for  all  operations,  view- 
ing objects  near  or  far. 

The  diameter  x of  this  circle  (or  ellipse)  can  be  ascertained  from 
the  following  relation : 

x : O = f : a 

x - fx° 
a 


Fig. 


If  O = diameter  of  aperture  in  diaphragm,  assuming  this  aperture 
again  to  be  10  millimetres  in  diameter,  and  assuming  the  same  values 
for  f and  a as  shown  in  above  table,  we  will  find  the  corresponding 
values  for  x as  follows : 


m.  mm. 

f = 200  millimetres  and  a — 10  x — 0-2 

20  0-1 

40  0-05 

100  0-02 

200  0-01 

300  0-006 

400  0-005 

700  0-003 
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This  table  shows  that  the  diameter  of  the  circle  is  very  small  for  an 
aperture  O of  10  millimetres,  and  as  it  has  been  found  that  a perfora- 
tion of  the  diaphragm  of  only  3 to  4 millimetres  in  diameter  gives  good 
results  for  topographical  purposes,  the  above  tabulated  values  will  be- 
come greatly  reduced  in  practical  work. 

Practical  tests  have  also  established  the  fact  that  a sufficient  dis- 
tinctness of  image  is  obtained  at  the  small  distance  of  10  metres,  as 
the  human  eye  can  readily  locate  the  true  center  of  a circle  (produced 
by  a cone  of  diffused  light)  of  0*2  millimetres  in  diameter,  and  the 
camera  will,  even  at  this  extreme  limit,  give  results  of  sufficient  ac- 


Fig.  4. 


curacy.  In  fact,  the  focusing  of  the  camera  within  a limit  of  0T  milli- 
metre is  extremely  doubtful,  being  more  readily  obtained  in  the 
imagination  of  the  operator  than  in  reality.  From  the  foregoing  it  will 
appear,  however,  that  there  can  not  be  any  objection  raised  against  the 
preservation  of  a constant  focal  distance,  and  the  operator  will  only 
have  to  level  up  the  camera  in  the  field  to  have  it  ready  for  work  from 
that  station. 

The  focal  distance  of  a camera-theodolite  is  the  fundamental  value 
upon  which  the  determinations  of  all  angles,  obtained  by  means  of  that 
camera,  are  based,  and  it  is  evident  that  a correct  determination  of  this 
value  (constant  focal  distance)  will  not  only  save  much  work,  but  will 
also  avoid  a number  of  sources  of  error. 

Above  figure  (4)  represents  a photogrammetric  picture, 

H H=Horizontal  thread 
V V— Vertical  thread 
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The  optical  axis  will  be  perpendicular  to  the  plane  of  image  in  the 
point  m (Fig  4a).  We  want  to  find  the  angle  a subtended  by  the  line 
of  vision  O P (to  P)  and  the  vertical  plane  O Y m V (Fig.  4a),  also 
angle  ft  subtended  by  line  of  vision  O P and  plane  of  horizon  O H 
m H (elevation). 

By  projecting  the  point  p upon  the  horizon  H H in  the  picture,  we 
obtain  a point  p' ; knowing  O »i=constant  focal  distance,  and  m p1 
(found  by  direct  measurement  on  the  picture)  we  can  find  the  azimuth  a 
and  the  hypotenuse  O* p'  (Fig.  4)  of  the  triangle  O m p'.  By  meas- 
uring p p'  we  find  the  angle  of  elevation  in  the  triangle  O p1  p. 

These  results  are  all  obtained  graphically,  as  indicated  in  Fig.  4,  and 
subsequently  utilized  graphically  in  the  construction  of  maps,  employ- 
ing similar  methods  as  employed  in  the  use  of  the  plane  table,  the 
practical  execution  being  far  more  simple  than  this  deduction  would 
permit  it  to  appear. 

The  entire  method  of  photogrammetry  reposing  on  graphical  meas- 
urements, the  smallest  length,  measurable  with  eye  and  scale,  will 
give  the  limit  of  correctness.  According  to  Mr.  Meydenbaur  this  limit 
is  0.1  millimetre. 

The  focal  distance  can  be  determined  with  great  precision,  even 
graphically,  by  a method  which  will  also  show  the  true  position  of  the 
vertical  thread  in  the  picture  and  by  repeating  this  operation  the 
probable  error  may  be  reduced  to  0.01  millimetre.  The  camera  being 
mounted  movable  in  horizontal  plane,  we  can,  by  a series  of  exposures, 
obtain  pictures  covering  the  entire  horizon.  The  number  of  exposures 
necessary  for  this  performance  depends  upon  the  field  commanded  by 
the  objective.  Meydenbaur’s  instrument  could  sweep  the  horizon  in 
six  pictures,  leaving  a margin  of  5 millimetres  width  common  to  two 
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adjoining  plates.  All  objects  within  such  a common  margin  can  be 
identified  on  two  plates,  and,  by  rising  a magnifying  glass,  points  com- 
mon to  two  adjoining  pictures  can  be  located  and  marked  upon  the 
plates  which  are  equidistant  from  the  vertical  thread.  Whenever 
such  distances  from  the  vertical  line  (representing  vertical  thread)  do 
not  correspond  with  each  other,  the  vertical  line  on  the  picture  must  be 
shifted  until  they  “tally.”  After  having  located  corresponding  points 
on  all  the  pictures,  covering  the  horizon  (say,  six  pictures)  we  will  have 
twelve  determinations  for  the  position  of  the  vertical  line.  If  the 
camera  is  at  all  fit  for  use,  the  greatest  difference  in  these  twelve  posi- 
tions must  not  exceed  0.1  millimetre.  The  distance  between  two  of 
these  corrected  vertical  lines  will  give  the  length  of  the  picture=27. 
For  a sixfold  exposure,  sweeping  the  entire  horizon,  we  will  have  the 
relation : 


f = ---  l — mean  value  for  length  of  picture. 

This  is  the  most  satisfactory  determination  for  the  focal  distance  of 
instrument,  other  methods  being  less  reliable  or  more  complicated. 

When  dry  plates  are  used,  it  will  become  necessary  to  make  an  al- 
lowance for  the  changes  which  the  image  suffers  during  the  process  of 
being  transferred  to  paper.  With  the  exercising  of  care  on  part  of  the 
printer  these  changes  will  nearly  be  of  a uniform  character,  manifesting 
themselves  chiefly  in  the  contraction  of  the  paper  while  drying.  The 
edges  of  the  plate  supports  being  printed  on  the  edge  of  the  picture, 
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and  tlie  distance  of  these  supports  being  invariable  on  the  instrument, 
we  lind  in  tliis  circumstance  the  means  for  correcting  the  focal  distance 
in  accord  with  the  contraction  of  the  paper. 


Fig.  6. — a ft— original  length  of  picture  between  plate  supports  in  camera,  a'  6'— length  of  picture 
after  having  been  transferred  to  paper  and  dried,  m O— focal  distance  of  camera. 


By  laying  down  the  triangle  a b O and  placing  the  length  of  printed 
paper  a'  b'  parallel  to  a b7  and  moving  it  from  a b until  a'  falls  upon 
a O and  b'  upon  b O (a'  b'  being  still  / to  a b ),  we  find  point  m7,  and 
can  measure  length  of  O m'=  focal  distance  for  contracted  picture. 

In  order  to  distribute  the  weight  of  the  camera-theodolite  as  nearly 
as  possible  upon  the  three  leveling  screws  of  the  instrument,  and  thus 
facilitate  its  setting  up  and  hauling,  the  optical  center  necessarily 
falls  outside  of  the  vertical  axis  of  the  camera.  During  a circular 
movement  of  the  camera  plate  (surveying  the  horizon)  the  optical  cen- 
ter will  describe  a circle  of  about  0-20  centimetres  in  diameter  for  or- 
dinary instruments.  In  other  words,  the  station  point  and  optical 
center  of  pictures  will  not  coincide  with  each  other.  The  optical  centers 
of  the  six  pictures  covering  the  horizon  are,  in  reality,  situated  on  the 
circumference  of  a circle  of  0*2  centimetres  diameter  in  the  form  of  a 
regular  hexagon. 

For  a scale  of  1-1000  for  the  survey,  the  diameter  of  this  circle  will 
be  only  0-0002  metres  long,  about  the  size  of  a fine  needle  puncture. 
For  all  topographical  purposes,  therefore,  we  can  assume  the  optical 
centers  to  fall  into  one  point — the  station  point. 

The  maps  are  constructed  from  photogramme  trie  pictures  in  the  same 
manner  as  the  plane  table  is  used,  and  the  operations  may  be  described 
as  follows : 
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ORIENTATION  OF  THE  PICTURES. 

The  simplest  case  would  be  that  a baseline  had  been  measured,  and 
pictures  of  the  terrene  had  been  taken  from  both  end  stations  of  this 
line.  While  occupying  one  end  of  the  line,  the  other  must  be  marked 
by  some  plain  signal,  which  will  be  readily  seen  on  a picture.  In  the 
pictures  taken  from  the  Stations  (I  and  II)  this  signal  should  appear  on 
plate  I as  a heavy  short  line,  showing  two  Hags  (Fig.  7).  The  horizontal 
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angle  subtended  by  optical  axis  of  instrument  and  the  base  line,  during 
each  exposure  for  the  pictures,  can  readily  be  obtained  graphically,  as 
indicated  in  figure  and  described  in  preceding  chapters.  The  size  of 
these  angles  is  entirely  arbitrary  and  it  is  only  necessary  that  the  sig- 
nal may  appear  at  least  on  one  of  the  pictures,  even  if  the  entire  hori- 
zon is  not  covered  by  the  exposures. 
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After  having  plotted  the  base  line  I— II  (preceding  figure)  in  reduced 
scale,  the  angles  a and  ft  are  plotted  with  reference  to  the  pictures  to 
which  they  belong,  and  on  these  directions  of  the  optical  axis  the  known 
focal  distance  f is  laid  off  from  points  I and  II  and  the  vertical  lines 
(horizons  H'  H'  and  H"  H")  drawn  through  their  ends.  All  the  other 
pictures  (having  no  special  signal  for  orientation)  are  oriented  as  soon 
as  the  first  one  of  the  six  has  been  oriented,  as  above,  owing  to  the 
division  of  the  horizon  into  six  pictures,  and  herein  rests  the  main  ad- 
vantage of  the  hexagonal  division. 

The  entire  orientation  of  the  pictures  is  accomplished  in  a very  short 
time,  inasmuch  as  the  triangles  are  all  rectangular  ones  with  known 
sides  (f,  t and  «).  The  known  focal  distance  f is  laid  off  from  m down- 
ward along  v m v in  the  pictures,  and  after  projecting  the  points  of 
images  upon  the  horizon  we  find  6*  and  t. 


After  the  horizons  have  been  located  as  shown  above,  the  horizontal 
projection  of  any  point,  common  to  two  plates,  is  found  by  intersect- 
ing. Thus  the  circular  tower,  indicated  on  the  pictures  taken  from  the 
Stations  I and  II  is  located.  The  distances  t of  the  two  sides  of  the 
tower  from  the  vertical  thread  are  plotted  from  m'  and  m"  upon  the 
horizons  H'  andH"  respectively,  new  lines  (rayons)  are  drawn  from  the 
end  stations  of  base  line  I-II  through  these  points,  which  lines  inter- 
sect each  other  in  a quadrangle,  the  inscribed  circle  of  which  locates 
the  horizontal  projection  of  the  tower.  The  photogrammetric  plotting 
is  altogether  very  much  like  the  plotting  on  the  plane  table,  and,  gen- 
erally speaking,  pliotogrammetry  has  the  same  advantages  and  disad- 
vantages adherent  to  the  plane  table,  except  that  the  duration  of  the 
field  work  is  reduced  to  a minimum. 

In  case  the  base  line,  or  the  line  from  which  the  observations  are 
made,  is  not  situated  in  the  area  to  be  surveyed,  the  orientation  of  the 
pictures  can  only  be  made  with  reference  to  a point  or  signal  not  situ- 
ated on  the  base  line,  the  position  of  which,  in  reference  to  the  base 
line,  however,  must  be  kuown  or  determined.  For  this  and  similar  pur- 
poses, Mr.  Meydenbaur’s  instrument  is  convertible  into  a plane  table 
by  removing  the  camera  and  clamping  a sheet  of  paper  upon  the  camera 
supporter  table,  after  which,  lines  "of  direction  to  the  distant  “ object  of 
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orientation”  can  be  taken  from  both  ends  of  the  base  line  with  the  aid 
of  a small  alidade.  By  combining  a compass  with  the  camera  addi- 
tional advantages  may  be  obtained. 

After  the  horizontal  projection^'  of  any  point  p has  been  constructed, 
the  relative  height  P P7  of  this  object  above  the  horizon  of  the  instru 
ment  or  picture  can  be  readily  found,  as  follows  (Figs.  4 and  4fl) : 

Op  and  Op'  found  from  horizontal  projections,  p p'  measured  directly 
on  surface  of  pictures. 


We  have  the  relation: 

P P'  : p p'  = OP':  O/ 
op'  « *)' 

PP7  = — „ (with  reference  to  the  scale  of  the  map). 

O p'  v 

Measurements  on  the  pictures  are  preferably  made  with  a small  ivory 
scale  divided  into  millimetres.  After  some  practice,  the  eye  can  esti- 
mate 0*1  millimetre  very  closely. 

If  a difficulty  appears  in  finding  or  locating  identical  points  on  pairs 
of  pictures,  photogrammetry  can  not  be  employed.  Still,  with  the 
erection  of  a few  signals  this  evil  may  be  remedied  also.  Owing  to  the 
fact  that  every  point  must  be  shown  at  least  on  two  pictures  in  order 
to  locate  the  same  on  the  horizontal  projection,  an  error  of  identity  of  a 
point  in  question  is  very  improbable,  insomuch  as  the  twofold  deter- 
mination of  the  elevation  of  any  doubtful  point  will  give  a good. check; 
both  elevations  determined  from  two  plates  must  give  the  same  result 
if  the  point  has  not  been  mistaken  for  another. 

After  a sufficient  number  of  elevations  have  been  plotted  upon  the 
map  it  will  be  an  easy  matter  to  draw  the  contours  by  interpolation, 
which  operation  will  be  greatly  facilitated  by  studying  the  picture^ 
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taken  of  the  terrene,  from  their  different  stations,  just  as  one  might 
take  a map  out  into  the  field  to  sketch  in  some  doubtful  detail. 

The  scope  and  productiveness  of  the  photogrammetric  method  greatly 
exceed  the  bounds  which  formerly  surrounded  the  field  operations  of 
lower  geodesy,  as  the  following  remarks  may  show : 

A scientific  exploring  party  may  have  sent  home  a number  of  photo- 
grammetric pictures  of  their  route  of  travel  with  the  necessary  data 
for  orientingthe  pictures,  and  also  sent  the  elevations  of  their  horizons, 
H H,  determined  by  aneroid  barometers  in  this  case.  A distant  moun- 
tain range  may  appear  on  two  or  more  views,  visible  only  in  outline, 
owing  to  the  great  distance.  It  is  possible  to  construct  a system  of 
contours  which  will  represent  the  range  with  a considerable  degree  of 
accuracy. 


V 


Tig.  9. 

For  this  purpose  we  locate  the  horizontal  projection  A ' of  the  sum- 
mit A,  if  it  can  be  readily  identified  on  several  pictures,  then  ascer- 
tain the  elevation  h of  A above  horizon  H H,  which  height  we  divide 
into  a number  of  horizontal  strata  (with  reference  to  the  elevation  of 
A above  H H in  the  different  pictures)  in  such  a manner  that  the  cor- 
responding dividing  planes  are  on  the  same  level.  Above  figure  rep- 
resents one  of  the  pictures  thus  divided  into  strata,  the  lines  O C,  O C2 
represent  the  tangential  lines  drawn  from  focal  center  O to  the  contours, 
as  indicated  by  the  dividing  of  planes  of  strata.  These  tangents  are, 
it  is  true,  not  in  the  same  plane  as  their  corresponding  dividing  planes, 
but  owing  to  the  great  distance  of  A from  O this  will  cause  an  error 
too  small  to  affect  the  map. 

Adjoining  figure  represents  the  result  of  this  operation  after  having 
drawn  tangential  lines  from  three  stations,  I,  II,  III  (from  the  latter 
only  the  tangents  to  lower  contour  line  drawn),  and  it  is  evident  that 
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Photogrammetry  or  Photographic  surveying. 

tliis  method  surpasses  any  other  which  an  exploring  expedition  may 
have  at  command  to  determine  the  scope  and  elevation  of  terrene  lying 
at  a distance.  The  circumstance  that  the  result  obtained  can  be  worked 
' out  at  home,  without  the  presence  of  any  member  of  the  scientific  corps 
of  explorers  being  necessary,  seems  to  be  another  point  in  favor  of  the 
photogrammetric  method.  Military  reconnaissance  in  times  of  war 


(secret  surveys),  preliminary  surveys  for  engineering  purposes  in  unin- 
habited, mountainous  countries,  etc.,  will  find  great  help  in  photo- 
grammetry, particularly  when  combined  with  the  plane  table,  alidade, 
and  barometer. 


REPORT  OF  COMMITTEE  ON  METHODS  OF  BALLOON  SURVEYING. 

[Presented  by  Assistant  D.  B.  Wain wright.] 

Your  committee  begs  leave  to  submit  the  following  report  on  that 
portion  of  Assistant  Baclie’s  paper  relating  to  topographical  surveying 
by  photography  from  a captive  balloon,  which  was  read  to  the  Con- 
ference at  its  second  session. 

Your  committee  believes,  from  a short  study  of  the  subject,  that  it 
is  perfectly  practicable  to  have  a balloon  made  as  described  by  Assistant 
Bache,  and  to  suspend  frem  it  a camera  in  the  manner  he  represents, 
which  will  be  sufficiently  free  from  oscillation  to  obtain  an  accurate 
picture  of  the  field  of  view. 

Also,  it  seems  to  us  feasible  to  hold  the  balloon  in  position, # or  nearly 
so,  over  a given  point  by  a set  of  four  guys;  and  it  is  undoubtedly 
practicable  to  control  the  moment  of  exposure  by  an  electrical  device 
such  as  he  indicates,  connected  with  the  shutter  of  the  camera.  More- 
over, a traverse  line  laid  out  on  level  ground  and  marked  in  the  man- 
lier given  by  Assistant  Bache  would  serve  as  a means  to  correct  any 

* The  height  suggested  by  Assistant  Bache  is  from  250  to  300  feet. 

IL  Ex,  43,  pt,  2—45 
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distortion  of  films  or  prints  due  to  cliemical  processes,  and  any  dis- 
tortion due  to  perspective  of  lines  lying  in  the  same  horizontal  plane 
as  the  traverse  line.  But  it  is  our  opinion  that  the  plan  proposed  is 
open  to  two  serious  objections  which  militate  against  ite  practical  use — 

(1)  The  amount  of  time  comsumed  in  mapping  by  this  means  a given 
area,  owing  to  the  small  surface  obtained  by  one  operation  or  picture; 
the  difficulty. in  moving  forward  the  guys  through  bushes  and  trees  or 
past  buildings,  and  in  preparing  a new  traverse  line. 

(U)  All  objects  not  lying  in  the  same  horizontal  plane  as  the  traverse 
line  would  appear  on  the  picture  out  of  place  according  to  scale;  thus 
an  object  on  a hill  50  feet  high  and  distant  horizontally  150  feet  from 
a point  directly  under  the  camera  would  measure,  according  to  scale, 
over  175  feet  from  the  same  point;*  and  so  for  all  objects  above  or 
below  the  plane  of  the  traverse  line  a special  reduction  of  each,  accord- 
ing to  height,  would  have  to  be  made,  necessarily  involving  a large 
amount  of  work  and  proving  a fertile  source  of  error. 

It  is  not  to  be  inferred  from  the  criticism  of  the  present  plan  that 
your  committee  holds  an  unfavorable  opinion  of  all  photography  as 
applied  to  surveying.  It  believes  a reasonably  accurate  map,  of  small 
scale,  could  be  made  of  a fiat  or  gently  rolling  country  from  a balloon 
at  the  height  of  several  thousand  feet,  if  only  a balloon  were  suscep- 
tible of  management  at  that  height.  It  also  believes  that  the  ques- 
tion of  mapping  mountainous  regions  by  means  of  cameras  directed 
horizontally  is  worthy  of  discussion  and  investigation. 

In  conclusion,  this  committee  would  state  that  there  appear  to  be 
serious  doubts  as  to  the  applicability  of  the  proposed  method  to  the 
conditions  practically  existing  in  Coast  Survey  work;  and  though  not 
feeling  warranted  in  recommending  any  outlay  in  making  the  experi- 
ment, it  acknowledges  that  if  a sufficiently  large  area  to  afford  a 
thorough  test  were  surveyed,  data  would  be  furnished  of  much  interest 
and  probable  value  for  a comparison  in  rapidity,  accuracy,  and  expense 
between  this  method  and  those  ordinarily  used. 


Supplement  J. 

CONVENTIONAL  SIGNS  FOR  FIELD  SHEETS. 

See  page  576  for  an  abstract  of  the  report  of  the  committee  appointed 
to  secure  still  greater  uniformity  than  heretofore  in  the  use  of  conven- 
tional signs  on  the  original  charts  of  the  Survey. 


Balloon  supposed  to  be  300  feet  high. 
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Supplement  K. 

LETTER  FROM  MR.  HENRY  GANNETT,  CHIEF  TOPOGRAPHER  OF  THE 

U.  S.  GEOLOGICAL  SURVEY,  DESCRIBING  THE  METHODS  EMPLOYED 

ON  THAT  WORK. 

Department  of  the  Interior, 

U.  S.  Geological  Survey,  Geographic  Branch, 

Washington , D.  (7.,  February  19 , 1892. 

My  Dear  Sir:  At  a meeting'  of  officers  of  the  Coast  and  Geodetic 
Survey  last  Tuesday,  to  which  myself  with  others  connected  with  the 
U.  S.  Geological  Survey  were  invited,  a question  was  asked  by  Mr. 
Ogden  the  substance  of  which,  as  I recollect  it,  was  as  follows:  “Can 

you,  as  a result  of  your  experience  in  topographic  surveying,  suggest 
any  improvements  on  the  methods  the  Coast  and  Geodetic  Survey  is 
now  pursuing  whereby  its  work  may  be  more  rapidly  or  economically 
carried  on!” 

At  the  moment  I did  not  feel  prepared  to  answer  this  question,  but, 
upon  consideration,  it  appears  to  me  that  a condensed  statement  of  the 
organization  and  methods  in  use  upon  the  Geological  Survey  may  serve 
to  develop  the  points  of  difference  between  the  practice  of  the  two  or- 
ganizations, from  which  the  officers  of  the  Coast  and  Geodetic  Survey 
may  select  such  features  as,  from  their  experience,  seem  desirable  and 
fitted  to  the  conditions  under  which  their  work  is  prosecuted. 

Primarily,  it  is  understood  throughout  the  Geological  Survey  that 
the  work  is  carried  on  for  the  sole  purpose  of  making  maps  upon  cer- 
tain predetermined  scales,  and  all  the  operations  of  the  Survey  are 
subordinated  to  this  end.  The  primary  triangulation  is  carried  on 
merely  for  the  purpose  of  controlling  these  maps,  and  the  maximum 
allowable  error  in  the  work  is  limited  only  to  that  permissible  upon  the 
maps.  Such  being  the  case,  the  primary  triangulation  is  compara- 
tively cheap,  from  ten  to  twenty  stations  being  occupied  per  month. 
A single  occupation  of  a triangulation  station  is  generally  sufficient, 
and  twelve  to  sixteen  pointings  upon  each  other  station  are  made. 
Artificial  signals  are  used  throughout  in  the  work.  Such  rapid  prog- 
ress is  not,  however,  inconsistent  with  considerable  accuracy  in  the 
results.  For  example,  the  triangulation  in  Kansas,  executed  in  1890, 
with  an  8-inch  theolodite  reading  by  micrometer  to  two  seconds, 
showed  an  average  error  of  closure  of  1-95,  in  one  hundred  and  twenty 
triangles. 

By  the  primary  triangulation,  three  points  are  located  immediately 
on  or  adjacent  to  each  atlas  sheet,  such  sheet  comprising  upon  the 
scale  1-62500,  250  square  miles,  and  upon  the  scale  of  1-125000,  1 000 
square  miles.  These  sheets  are  projected,  the  primary  points  are 
plotted  upon  them,  and  all  work  from  that  point  on  is  relegated  to  the 
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plane  table.  With  this  instrument  all  points  capable  of  being  located 
by  triangulation  are  so  located.  For  this  purpose,  a score  or  more  of 
points  are  occupied  upon  each  plane-table  sheet,  their  positions  having 
been  determined  prior  to  occupation  whenever  possible.  Signals  are 
used  upon  all  points  to  be  occupied.  Points  located,  but  not  occupied, 
are  not,  as  a rule,  marked  by  signals.  Such  points  consist  of  hilltops 
and  other  relief  features,  houses,  churches,  and  other  features  of  cul- 
ture, points  in  the  shore  line,  and  any  other  points  in  the  hydrography 
of  the  region  which  are  susceptible  of  being  so  located.  In  other  words, 
location  by  triangulation  is  carried  on  as  far  as  is  economic.  This 
method  of  location  serves  two  purposes.  First,  to  aid  in  the  location 
of  the  sketching,  and,  secondly,  to  locate  in  correct  position  the  traverse 
lines.  All  this  work  is  done  by  the  Johnson  plane  table  and  with  a 
telescopic  alidade  of  considerable  power. 

Traversing,  by  which  location  is  effected  by  direction  and  distance 
measurement,  is  carried  on  to  a large  extent.  All  roads  are  traversed, 
since  it  is  the  cheapest  method  of  obtaining  their  alignment,  and  in 
unsettled  parts  of  the  country  it  is  found  necessary  to  run  many 
traverses  where  no  roads  exist  in  order  to  supply  the  requisite  control 
for  the  sketching.  In  the  eastern  parts  of  the  country,  roads  average 
from  1 to  2 linear  miles  to  every  square  mile  of  country,  involving 
an  enormous  amount  of  traversing  merely  to  obtain  the  roadSr  This 
traversing  of  roads  serves  also  for  the  location  of  countless  points  in 
addition  to  those  located  by  triangulation,  forming  a network  closely 
covering  the  country.  Traversing  is  done  with  the  simplest  possible 
plane  table,  which  is  oriented  by  compass.  Directions  are  measured 
with  a ruler  having  raised  sights.  Distances  are  measured  by  count- 
ing the  revolutions  of  a wheel  directly  or  by  some  form  of  odometer. 
Large  numbers  of  minor  points  are  cut  in  from  the  traverse  lines.  The 
traverses  are  fitted  to  the  tri angulation  executed  with  the  larger  plane 
tables. 

Datum  points  for  heights  are  obtained  by  the  use  of  the  wye  level. 
Secondary  heights  are  measured  by  the  vertical  arc  of  the  alidade,  and 
elevations  along  traverses  are  in  the  main  measured  by  aneroid  closely 
checked  by  instrumental  determinations,  and  to  some  extent  by  instru- 
mental profiles. 

The  Geological  Survey  makes  a clear  distinction  between  instru- 
mental determinations  of  position,  which  is  characterized  as  the  con- 
trol of  a map,  and  the  sketching,  which  is  recognized  as  artistic  work. 
The  sketching  is  done  upon  a skeleton  map,  which  contains  all  the 
control,  and  it  is  done  by  the  best  sketch ers  available.  The  selection 
of  stations  for  sketching  is  done  with  considerable  care,  regard  being 
had  to  obtaining  the  best  positions  for  seeing  the  country  in  its  proper 
relations.  Upon  the  scale  1-62500  sketching  is  rarely  attempted  at  a 
distance  greater  than  a mile  and  then  only  when  it  seems  impracti- 
cable to  obtain  nearer  views  ; as  a rulej  the  sketching  is  done  at  much 
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shorter  distances.  The  matter  of  generalization  has  received  much 
attention,  the  fact  being  fully  recognized  that  all  maps  must  be  in  a 
greater  or  less  degree  generalized  from  nature.  In  connection  with 
this  as  an  immediate  adjunct,  the  study  of  structural  geology  in  its 
influence  upon  topographic  forms  has  become  a part  of  the  education 
of  the  topographer. 

The  organization  of  the  parties  is  simplified  as  far  as  is  consistent 
with  efficiency.  A party  engaged  in  primary  triangulation  consists 
ordinarily  of  the  head  of  the  party,  a helper,  and  a man  to  build  sig- 
nals. A party  engaged  in  plane-table  triangulation  consists  of  the 
plane-tabler  and  a helper.  A horse  and  buggy  is  provided  for  carry- 
ing them  about.  A traverse  party  consists  of  a traverse  man,  with  the 
necessary  horse  and  vehicle,  and  the  traversing  is  generally  done  by 
low-salaried  men,  since  it  does  not  require  a high  degree  of  skill.  No 
rules  regarding  office  hours  obtain  in  the  field,  but  men  are  expected  to 
work  all  day. 

The  list  of  features  represented  upon  the  maps  embraces  all  natural 
features  of  magnitude  sufficient  to  be  represented  upon  the  scale,  and 
all  artificial  features  which  are  of  public,  as  distinguished  from  private 
importance.  Thus,  there  are  represented  boundaries  of  civil  divisions, 
cities,  townships,  counties  and  States;  houses,  railroads,  roads,  streets, 
canals,  bridges,  fords,  light  houses,  etc.  The  outlines  of  wooded  areas 
are  mapped.  There  are  not  mapped  fences,  cultivated  lands,  or  any 
other  features  which  relate  to  the  individual,  rather  than  to  the  com- 
munity. 

The  plane  table  tri angulation  of  an  atlas  sheet,  including  some  250 
square  miles,  occupies  from  one  to  two  weeks  in  putting  up  signals 
and  measuring  angles,  according  to  the  extent  to  which  this  work  can 
be  carried.  The  traversing  of  such  an  area  ordinarily  requires  about 
fifty  days’  work  of  one  man,  since  a man  traverses,  on  an  average, 
about  10  linear  miles  per  working  day.  The  sketching  of  such  an 
area  requires  from  one  to  two  months,  according  to  the  intricacy  of  the 
work,  and  the  readiness  and  the  facility  of  the  sketcher.  On  an  aver- 
age, a party,  consisting  of  its  head,  who  does  the  triangulation  and 
sketching,  and  one  traverse  man,  with  a helper,  will  survey  entirely 
two  atlas  sheets  per  season. 

As  a matter  of  interest,  I append  to  this  a table  showing  for  the 
Northeastern  Division  of  Topography  the  area  surveyed  during  the 
last  season,  the  number  of  points  located  by  plane-table  triangulation, 
the  number  of  miles  that  were  traversed,  and  other  derived  data. 
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STATISTICS  OF  CONTROL,  NORTHEASTERN  DIVISION,  U.  S.  GEOLOGICAL  SURVEY. 
[Scale  1-62500;  contour  interval,  20  feet.] 


Area  surveyed  (square  miles) 3150 

Triangulation  stations 650 

Number  of  square  inches  per  station 47 

Points  located  by  triangulation 3 330 

Total  triangulation  stations  and  located  points 3 980 

Number  of  above  locations  per  square  inch 1-3 

Number  miles  traversed 4 460 

Inches  traversed  per  square  inch 1'4 

Number  traverse  stations 29  150 

Traverse  stations  per  square  inch  9-3 

Total  locations  per  square  inch 10*6 

Traverse  stations  per  linear  mile 6*5 


Heights  measured  with  vertical  circle 5 700 

Heights  measured  by  aneroid 23  886 


Total  measured  heights 29  586 

Heights  per  square  inch 9.4 


These  locations  are  regarded  as  sensibly  accurate  upon  paper,  as 
indeed  they  must  be,  as  otherwise  the  work  would  come  to  a standstill. 
The  imperfections  of  the  maps  are  to  be  looked  for  in  the  sketching, 
where  they  may  be  due  to  insufficient  control,  to  inexpressiveness  of 
the  sketching,  or  to  both  causes  combined. 

I inclose  with  this  a tracing,  showing  the  amount  and  the  distribution 
of  the  control  upon  a sheet  surveyed  in  West  Virginia  during  the  past 
season,  which  will  further  illustrate  this  matter.  (See  illustration 
No.  31.) 

Thanking  you  and  the  other  gentlemen  composing  your  commission 
for  your  courtesy  in  inviting  us  to  join  you  in  your  deliberations,  I re- 
main, 

Sincerely,  yours, 

Henry  Gannett. 

Chief  Topographer , U.  S.  Geological  Survey. 

Prof.  Henry  L.  Whiting, 

U.  S.  Coast  and  Geodetic  Survey , Washington , I).  C. 


COMMENTS  BY  ASSISTANT  H.  G.  OGDEN  ON  THE  PRECEDING  LETTER. 

[Submitted  February  24,  1892.] 

The  letter  from  Mr.  Gannett,  Chief  Topographer  of  the  U.  S.  Geo- 
logical Survey,  to  the  Chairman  of  this  Conference,  offers  us  an  oppor- 
tunity of  comparing  the  methods  employed  by  the  U.  S.  Geological 
Survey  in  making  topographic  surveys  with  those  employed  by  the 
Coast  and  Geodetic  Survey. 

Before  instituting  this  comparison,  however,  1 desire  to  say  a word 
on  the  question  I propounded  to  our  associates  of  the  Geological  Survey 


Diagram  sliowing  distriTru-tLon  of  control  work 
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Geological  Survey  and  in  the  U.  8.  Coast  and  Geodetic  Survey. 

when  they  joined  us  in  conference  a few  days  since.  The  subject  I had 
in  my  mind  at  the  time  was  similar  to  that  stated  by  Mr.  Gannett,  but 
differed  in  so  much  that,  I asked  if  the  gentlemen  present  would  state 
to  us  what  part  of  the  methods  in  use  by  them  in  topographical  survey- 
ing could  be  applied  advantageously  to  the  work  of  the  Coast  and 
Geodetic  Survey.  While  this  has  not  been  specifically  answered,  Mr. 
Gannett  has,  with  great  kindness,  given  us  a statement  of  the  methods 
used,  and  leaves  to  us  to  make  the  application  to  our  own  work..  Mr. 
Gannettfs  statement  refers  entirely  to  the  eastern  half  of  the  continent; 
it  does  not  include  the  regions  of  the  West,  which,  topographically,  are 
very  different,  and  are  surveyed  by  a different  method.  As  I have 
been  informed  by  Mr.  A.  H.  Thompson,  the  plane  table  alone  is  used 
in  California,  even  in  running  such  traverse  lines  as  are  found  necessary 
through  wooded  areas. 

The  method  described  in  Mr.  Gannett’s  letter  involves  several  opera- 
tions, and  covers  the  ground  several  times  before  the  survey  is  plotted. 
It  will  be  observed  that  a triangulation  with  computed  sides  is  first 
spread  over  the  area,  furnishing  a sufficient  number  of  points  to  permit 
the  use  of  the  plane  table  in  interpolating  intermediate  stations.  The 
ground  is  then  covered  by  a plane  table  triangulation  in  which  eleva- 
tions, so  far  as  practicable,  are  determined  by  means  of  the  vertical 
arc.  IJp  to  this  point  we  may  say  that  the  method  is  identical  with 
that  employed  on  the  Coast  and  Geodetic  Survey.  But  in  supplying 
the  details  of  shore  line,  roads',  elevations,  etc.,  that  are  still  required 
to  complete  the  survey,  the  methods  employed  are  radically  different. 

On  the  Geological  Survey,  the  system  of  traverse  lines  forms  the 
basis  for  the  determination  of  all  these  details,  these  traverse  lines 
being  tied  on  to  the  stations  of  the  triangulation  and  the  plane  table. 
Sometimes,  in  running  the  traverse  lines,  elevations  are  also  deter- 
mined, either  by  angulation  or  by  the  barometer,  but  I judge  from  the 
description  given  us  that  in  many  instances,  after  the  traverse  lines 
have  been  obtained,  the  ground  is  again  covered  with  the  barometer 
survey.  But  whichever  way  this  traverse  work  may  have  been  con- 
ducted, it  seems  plain  that  after  it  has  all  been  completed  and  adjusted 
into  place,  the  elevations  being  given  also,  the  sheets,  or  sections  of 
sheets,  are  taken  in  the  field  by  still  another  party  or  officer  of  the 
party,  and  the  hill  work  sketched  in  by  the  data  on  the  sheet  of  tra- 
verses; this  officer  checking  the  previous  work,  as  may  be  required, 
by  the  barometer,  and  running  such  additional  traverse  lines  as  he 
may  find  necessary,  where  the  work  furnished  him  has  not  cut  up  the 
country  sufficiently  close  to  permit  the  sketching  of  the  contours 
within  the  limits  of  error  that  may  be  prescribed. 

The  same  details  are  obtained  in  the  Coast  and  Geodetic  Survey 
with  the  plane  table,  the  elevations  being  determined  with  the  vertical 
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nrc,  and  the  shore  lines  and  roads  being  located  directly  by  plane  table 
stations  over  the  whole  area,  only  such  traverse  lines  being  run,  and 
these  almost  invariably  with  the  plane  table,  when  a strip  of  country 
is  encountered  in  which  plane  table  stations  can  not  be  made,  for  in- 
stance, a dense  wood  in  such  a level  region  that  it  is  impossible  to  see 
out  to  the  determined  points. 

This  statement  shows  that  in  the  method  employed  by  the  Geological 
Survey  the  ground  has  to  be  covered  at  least  four  times,  and  it  may 
happen  five  times,  whereas,  in  the  method  of  the  Coast  Survey,  it  is 
covered  but  twice.  It  seems  to  me  that  this,  in  itself,  is  such  a 
saving  of  time  that  there  can  be  no  question  as  to  the  preference 
of  the  Coast  Survey  method  in  conducting  work  such  as  is  required 
in  the  Coast  and  Geodetic  Survey;  that  is,  a large  scale,  with  in- 
tricate shore  lines  and  details  of  high  cultivation,  to  be  represented 
on  the  map.  But  the  method  of  the  Geological  Survey  is  still 
further  objectionable,  if  we  should  attempt  to  apply  it  to  our  own 
work;  for  the  labor  of  plotting  the  traverse  lines  and  details  involves 
in  work  of  such  intricacy  as  ours  an  amount  of  time  that  is  almost  equal 
to  the  time  consumed  in  making  the  survey  in  the  field.  It  may  be 
observed,  also,  that  the  method  of  the  Geological  Survey  would  be 
most  laborious  and  almost  impracticable  in  determining  many  of  the 
shore  lines  on  the  hTew  England  coast  with  the  degree  of  accuracy  that 
is  required.  There  can  be  no  doubt  that  this  feature  in  surveying  is 
more  rapidly  and  economically  traced  by  the  plane  table,  and  that  in 
many  instances  it  is  the  only  instrument  with  which  a control  of  the 
shore  can  be  satisfactorily  obtained. 

In  discussing  these  methods  I am  led  to  the  opinion  that  to  adopt 
the  methods  of  the  Geological  Survey,  as  they  have  been  given  to  us 
by  Mr.  Gannett,  as  a substitute  for  our  ow  n in  the  prosecution  of  topo- 
graphical surveys  for  the  Coast  Survey,  would  lead  to  an  increase  in 
the  cost  of  the  topography  per  square  mile  so  large  that  it  would  prac- 
tically be  prohibitive. 

While  considering  this  question  of  methods  I ask  your  indulgence 
for  a few  moments  longer  to  express  my  views  on  section  4 of  the  Super- 
intendent’s opening  address  to  the  conference. 

We  have  already  expressed  ourselves  most  forcibly  that  in  our  own 
topographical  work  we  can  see  no  very  material  modification  that  can 
properly  be  made,  either  in  the  detail  that  is  given  or  in  the  method 
tli at  we  employ;  that  we  believe  experience  has  fully  demonstrated 
the  economy  of  our  methods,  and  that  they  are  superior  in  accuracy 
and  rapidity  for  the  same  class  of  work  over  any  methods  employed  by 
any  topographers  the  world  over,  so  far  as  we  have  been  able  to  ascer- 
tain. 

The  second  part  of  this  section  of  the  Superintendent’s  address  refers 
to  methods  for  making  topographic  surveys  of  less  refinement,  and  to 
be  at  a reduced  cost.  The  subcommittee  to  which  was  referred  the  cost 
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of  work  lias  referred  to  this  question  at  considerable  detail  in  their 
report,  but  did  not  enter  into  the  details  of  actual  methods. 

In  any  region  where  it  is  practicable  to  use  the  plane  table  alone  it 
is,  in  my  opinion,  the  cheapest  and  most  rapid  method  that  has  yet 
been  devised,  either  for  an  accurate  survey  or  for  a survey  of  less  pre- 
cision, with  greater  generalization.  The  cost  per  square  mile,  wherever 
a survey  is  made  with  this  instrument  alone,  must  depend  very  largely 
upon  the  details  that  will  be  shown  upon  the  map,  aside  from  the  per- 
sonal equation  or  the  expertness  of  the  officer  manipulating  the  instru- 
ment. There  are,  however,  many  regions  so  densely  wooded,  and  at 
the  same  time  broken  with  deep  ravines,  that  it  is  essential  to  use  some 
auxiliary  instrument  to  locate  details.  The  methods  employed  for  this 
purpose  on  the  Geological  Survey  are  at  once  suggested  as  those  most 
available  in  a country  of  this  character;  but  it  should  be  observed  that 
to  use  these  methods,  so  far  as  they  relate  to  detail  only,  would  not  pro- 
duce a satisfactory  result,  as  the  work  would  be  very  imperfectly 
oriented  in  its  different  parts,  rendering  directions  and  distances  very 
uncertain.  The  Geological  Survey  has  recognized  the  failure  of  these 
methods  when  used  alone,  and  has  strengthened  them  in  the  only  prac- 
ticable way  by  covering  the  ground  with  a triaugulation  of  reasonable 
strength  and  interpolating  other  points  with  the  plane  table. 

The  scale  on  which  the  survey  is  made  necessarily  affects  the  cost  of 
the  work  in  a general  way.  If  the  scale  is  large,  it  requires  more  sta- 
tions to  represent  the  features  that  can  be  shown  upon  the  map.  If  the 
scale  is  small,  these  features  are  generalized,  to  a certain  extent,  and  the 
number  of  stations  that  would  be  required  is  less.  The  advantage, 
therefore,  of  the  small  scale  in  reducing  the  cost  should  at  once  become 
apparent.  On  the  other  hand,  the  scale  of  the  work  should  be  suffi- 
ciently large  to  represent  a reasonable  detail  of  the  features  of  a 
country.  In  the  work  of  the  Conference  we  have  given  expression  to 
the  opinion  that  a survey  should  not  be  made  upon  a scale  smaller 
than  1-40000;  that  the  generalization  required  on  a smaller  scale  is 
too  great  to  preserve  the  degree  of  accuracy  that  should  be  attained  to 
make  the  survey  useful  for  the  general  purposes  that  a topographical 
survey  may  subserve. 

To  describe  in  detail  the  different  methods  that  can  be  used  in  cover, 
ing  the  country  rapidly,  but  still  with  sufficient  fullness  to  render  all 
the  salient  features  recognizable,  would  involve  a labor  too  great  to  be 
undertaken  by  this  Conference  or  any  individual  upon  it.  There  are 
new  instruments  that  could  be  made  very  useful  in  such  a work;  that 
would  modify  to  some  extent  methods  that  have  heretofore  been  used 
by  topographers.  But  unless  there  is  a specific  statement  as  to  the 
degree  of  accuracy  that  shall  be  required,  and  the  detail  that  shall  be 
represented,  I believe  to  draw  up  any  plan  for  such  surveying  would 
be  labor  thrown  away. 
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In  conclusion,  I have  only  to  say  that  the  expert  topographer,  with 
experience  behind  him  in  making  topographical  surveys  of  precision, 
is  in  general  well  equipped  to  undertake  rapid  and  inferior  work  when 
required.  But  I do  not  wish  it  to  be  inferred  from  this  statement  that 
the  expert  topographer  is  necessarily  expert  in  the  execution  of  inferior 
work,  for,  besides  the  ability  to  manipulate  instruments  and  to  grasp 
the  features  of  a country,  a long  experience  is  required  to  enable  him 
to  present  them  on  a map  in  the  most  intelligible  form;  and  therefore, 
when  we  wish  to  reduce  the  cost  of  work,  I believe  it  is  essential  we 
should  consider  the  experience  of  the  men  who  may  be  detailed  to  exe- 
cute the  work  in  the  field. 

My  personal  experience  on  the  Coast  Survey  satisfies  me  that  to  pro- 
duce the  most  economical  results  we  require  a school  of  topography. 
Young  men  who  may  be  selected  fo  learn  this  class  of  work  should  be 
given  ample  opportunities  in  different  parties  on  different  sections  of 
the  coast  to  learn  the  individual  methods  of  the  more  experienced  men, 
before  they  are  permitted  to  undertake  any  work  by  themselves. 


FORMULA  FOR  COMPUTING  DIFFERENCES  OF  ELEVATION— A SIMPLE 
AND  PRACTICAL  FORMULA  FOR  THE  COMPUTATION,  WITHOUT  THE 
USE  OF  TABLES,  OF  DIFFERENCES  OF  ELEVATION  CORRESPONDING 
TO  GIVEN  DISTANCES  AND  SMALL  VERTICAL  ANGLES,  WHEN  THE 
SAME  UNIT  OF  LENGTH  IS  EMPLOYED  FOR  DISTANCES  AND  HEIGHTS. 


As  is  well  known,  the  empirical  formula  for  the  computation  oi 
heights,  given  in  the  Coast  and  Geodetic  Survey  treatise  on  the  plane 
table  is  based  upon  the  use  of  the  metre  as  the  unit  of  distance,  and  of 
the  foot  as  the  unit  of  height.  It  is  therefore  not  applicable  to  the 
case  under  consideration. 

For  ordinary  purposes  the  formula  for  the  difference  of  height  may 
be  stated  with  sufficient  accuracy  thus: 


where  h represents  the  difference  of  the  height,  D the  distance,  a the 
vertical  angle  and  c a constant  coefficient  of  curvature  and  refraction. 
If  now  we  call  the  number  of  minutes  in  the  angle  a and  using  the  met- 
ric system  take  K for  the  distance  in  kilometres  we  have 


Supplement  L. 


[By  W.  C.  Hodgkins.] 


//-ID  a tan  l'-f  c.  K2 


REPORT  FOR  1891 — PART  II. 


715 


Formula  for  computing  differences  of  elevation. 


The  tangent  of  V is  0-0002909  or  5 therefore 

0*291  K a+cK2 
.*.  h=±  0-291  K a 4-0-07  K2 

7 11 

c may  be  taken  as =0-07.  Also,  0-291  very  nearly  equal  — or  , — — 

Z4:  O Z4: 


The  tangent  of  V is  0-0002909  or 


: therefore 


tkat-is,J  — l of  J. 


For  the  first  term,  therefore,  we  have  the  following  rule : 

Multiply  the  distance  in  kilometres  by-the  angle  in  minutes,  divide 
the  product  by  three,  and  subtract  one-eightli  of  itself. 

The  same  result  would  be  obtained  by  taking  one  fourth  of  the  prod- 
uct and  then  adding  to  the  quotient  one-sixth  of  itself. 

For  the  second  term  multiply  the  square  of  the  distance  in  kilome- 
tres by  0-07. 

For  angles  from  zero  to  4°  the  decimal  coefficient  is  more  precise  than 
the  common  fraction,  but  the  latter  gives  sufficiently  close  results  at 
all  ordinary  distances,  with  angles  not  greater  than  6°. 

With  larger  angles  it  should  be  used  with  caution,  and  only  for  short 
distances,  though  under  such  circumstances  the  errors  arising  from  its 
use  are  smaller  than  if  the  decimal  coefficient  were  used  and  are  less 
than  half  as  great  as  those  occurring  in  similar  use  of  the  old  formula  of 
the  “Treafise.”  As  this  coefficient  fa  is  larger  than  the  decimal  coef- 
ficient 0-291  by  about  part  of  the  latter,  it  gives  for  small  angles 
results  which  are  larger  than  the  true  differences ; and  as  up  to  about 
3°  the  tangents  of  angles  are  sensibly  proportional  to  the  angles,  this 
error  is  greatest  with  vertical  angles  of  about  3°,  when  it  amounts  to 
13  centimetres  per  kilometre. 

As  the  tangents  of  the  angles  above  3°  increase  more  rapidly  than 
the  angles,  the  error  arising  from  the  use  of  the  coefficient  fa  decreases 
as  the  angle  increases,  up  to  5°  V when  the  formula  is  exact  (for  all 
ordinary  purposes).  For  still  larger  angles,  the  tangents  rapidly  in- 
crease and  the  formula  gives  results  which  are  too  small  by  a constantly 
increasing  difference. 

Thus  at  6°  this  error  is  10  centimetres  per  kilometre;  at  8°  it  is  54 
centimetres,  and  at  10°  109  per  kilometre.  With  this  last  angle  (10°) 
the  decimal  coefficient  gives  an  error  of  l-73m  and  the  formula  of  the 
“Treatise”  an  error  of  2-88m  per  kilometre. 

Obviously  this  formula  applies  equally  well  with  any  unit  of  length, 

except  that  instead  of  K we  should  and  to  exhibit  the  details 

of  the  operation  we  may  write  the  formula  thus : 
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Supplement  M. 

A TREATISE  ON  THE  WAGNER  TACHYMETER  AND  TACHYGRAPHOMETER 

AS  MADE  AT  THE  MATHEMATICAL  INSTRUMENT  WORKS  OF  OTTO  FEN- 
NEL AT  CASSEL,  PRUSSIA,  WITH  AN  INTRODUCTORY  ESSAY  BY  J.  L. 

LICKA. 

[Translated  from  tlie  German  by  W.  C.  Hodgkins,  C.  E.,  Assistant,  U.  S.  Coast  and 

Geodetic  Survey.] 

TRANSLATOR’S  PREFACE. 

The  following  pages  are  translated  from  a pamphlet  published  by 
the  makers  of  these  instruments  under  the  title,  u Die  YVagner-Fennel- 
’schen  Tachymeter  des  mathematisch-mechanischen  Instituts  von  Otto 
Fennel  in  Oassel.  Oassel  188G,”  a copy  of  which  was  kindly  loaned  me 
by  Assistant  Edwin  Smith,  chief  of  the  Instrument  Division  of  the  Office 
of  the  Coast  and  Geodetic  Survey. 

The  translation  was  originally  made  during  the  sessions  of  the  Topo- 
graphical Conference  for  my  own  information  in  regard  to  these  instru- 
ments, the  special  feature  of  which,  the  Wagner  u projection  appa- 
ratus,” was  new  to  me,  as  I think  it  must  be  to  many  engineers  in  this 
country. 

During  the  last  days  of  the  Conference  its  members  had  the  oppor- 
tunity to  examine  personally  a theodolite  tachymeter  of  the  above 
make.  I was  much  interested  in  the  instrument,  which  appeared  very 
well  made,  but  seemed  to  me  unnecessarily  heavy  and  cumbrous. 
Such  a matter  of  detail  might,  however,  be  easily  remedied,  and  while  I 
was  forced  to  agree  with  the  opinion  of  the  other  members  of  the  Con- 
ference that  in  its  present  form  it  is  not  adapted  to  the  ordinary  field 
work  of  the  Coast  and  Geodetic  Survey,  I am  convinced  that  it  would 
be  of  great  utility  in  surveys  to  be  plotted  on  large  scales  and  with 
much  attention  to  detail.  I am  inclined  to  think  that  the  form  of  instru- 
ment to  be  used  with  the  plane  table  (the  tachygraphometer)  would 
be  especially  useful  in  large-scale  surveys,  as  in  its  use  the  elevations 
of  numerous  points  could  be  rapidly  determined  without  the  use  of  a 
separate  leveling  instrument  and  contours  of  any  desired  interval  could 
then  be  inter] >olated,  while  on  the  ground,  with  great  precision  and 
facility  and  without  the  danger  of  omitting  details  of  form,  to  which  sur- 
veys plotted  in  the  office  are  liable. 

In  revising  the  paper  for  the  record,  in  accordance  with  the  request 
of  the  Conference,  I have  omitted  those  sections  which  contain  the 
detailed  directions  for  adjusting  the  various  forms  of  these  instruments 
and  have  changed  the  sequence  of  others,  so  that  sections  33  and  34, 
which  in  the  original  appear  as  a supplement,  immediately  follow  the 
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general  discussion  of  the  theory  of  the  instrument.  I have  also  omit 
ted  the  letters  of  commendation,  of  which  a considerable  number  are 
given,  and  which  attest  the  high  estimation  in  which  these  instruments 
are  held  by  many  European  engineers. 

W.  C.  H. 

Washes  GrTON,  April,  1892. 

A REVIEW  OF  THE  TACHYMETER  AND  TACHYMETRY. 

[By  J.  L.  Licka;  Engineer  at  Cassel-Wehlheitlen.] 

The  great  attention  devoted  in  recent  times  to  the  tachymeter  and 
tachymetry  should  justify  this  attempt  at  a concise  but  comprehen- 
sive description  of  the  instruments  and  methods  employed,  a task 
undertaken  by  the  author  at  the  request  of  the  publishers  of  the 
following  treatises  and  carried  out  with  the  single  purpose  of  systema- 
tizing our  views  on  this  subject. 

In  recent  years,  we  denote  by  the  name  u tachymetry”  that  method  of 
surveying  which  permits  us  to  obtain  the  data,  as  to  position  and  ele- 
vation, necessary  for  the  determination  of  a point  on  the  surface  of  the 
earth,  by  a single  pointing  upon  the  telemeter  held  at  a desired  point. 

In  this  work  the  requirements  are,  rapid  and  sufficiently  accurate 
measurement,  accomplished  with  the  least  possible  cost  rather  than 
with  the  most  extreme  precision. 

These  views  are  applicable,  for  example,  in  the  preparation  of  gen- 
eral or  special  projects  for  the  construction  of  roads,  railroads  and 
canals,  or  in  working  out  plans  in  the  domain  of  agriculture,  as  in  the 
improvement  of  land,  in  joining  detached  pieces  of  ground,  in  the  sci- 
entific management  and  utilization  of  forests,  etc.  Tachymeters  and 
tachymetry,  therefore,  early  attracted  the  attention  of  military  and  rail- 
road authorities,  who  require  surveys  over  large  areas.  For  example, 
it  should  be  noted  that  the  tachymeter  with  anallatic  telescope,  invented 
by  the  engineer  Porro  at  Milan  in  the  year  1823,  and  called  “eleps- 
cykel”  or  “cleps,”  was  employed  in  1835  in  topographical  surveys  by 
the  Piedmontese  general  staff. 

The  French  engineer  Moinot,  in  the  year  1865,  skilfully  utilized 
Porro’s  distance  measure  in  the  construction  of  an  instrument  adapted 
to  surveys,  the  tachymeter  theodolite,  furnished  with  a compass  and 
with  a vertical  circle  divided  according  to  zenith  distances ; but  he 
chiefly  furnished  methods  for  conducting  the  work  of  surveys,,  compu- 
tations and  mapping,  which  are  to  be  considered  standard,  and  which 
serve  in  great  part  as  foundations  for  the  further  development  of 
tachymetry. 

Moinot’s  method,  introduced  into  Austria  in  1870  by  the  engineer 
Heuser,  was  employed  there  with  great  success  in  extensive  delin- 
eation of  very  broken  country.  Since  then,  tachymetry  has  received 
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especial  attention  in  Austria,  particularly  in  the  general  office  of  Aus- 
trian railways  at  Vienna.  Engineers,  professors,  and  mechanicians 
compete  in  the  construction  of  new  instruments,  in  the  improvement 
and  elucidation  of  tachymetric  surveying  methods ; all  seek  to  put  the 
engineer  in  a position  to  obtain  his  horizontal  and  vertical  measure- 
ments in  the  shortest  practicable  time.  In  North  Germany  it  is  con- 
ceded that  Moinot’s  method  and  taehymetry  in  general  have  found  no 
greater  employment  than  when  about  1867  or  1868  a tachymeter  was 
constructed  by  the  engineer  Carl  Wagner,  at  that  time  in  Wiesbaden, 
which  seemed  better  adapted  than  other  instruments  for  solving  the 
familiar  problems  of  taehymetry  with  the  least  expenditure  of  time 
and  money;  for  most  of  the  instruments  made  since  1871,  the  sole  con- 
trol of  which  for  Germany  had  been  transferred  by  the  inventor  to  the 
mathematical  instrument  works  of  Otto  Fennel  at  Cassel,  were  fur- 
nished to  other  countries,  Turkey,  Bulgaria,  Boumania,  etc.,  where 
they  were  used  with  the  best  results  in  studies  for  railroad  locations. 
To  the  circumstance  that  since  1870,  extensive  preliminary  works  for 
railroads  have  every  year  become  less  frequent  in  North  Germany,  we 
may  well  attribute  the  fact  that  the  above-mentioned  tachymeter  was 
less  known  than  its  simple  manipulation  and  advantageous  perform- 
ance of  work  would  lead  us  to  expect.  More  recently,  a change  for  the 
better  is  undoubtedly  noticeable,  magistrates  and  technicians  engaged 
in  the  various  fields  of  road  building,  of  land  improvement,  and  of  for- 
estry devoting  to  these  instruments  the  attention  they  so  well  deserve, 
as  is  shown  by  the  numerous  testimonials  to  their  capabilities. 

In  order  to  make  perfectly  clear  the  superiority  and  utility  of  the 
Wagner-Fennel  instruments,  we  must  state  in  the  first  place,  at  least 
in  general  outline,  the  characteristics  of  the  instruments  heretofore 
used.  We  shall  consider  only  the  most  widely-used  forms,  whose 
optical  distance-measures  have  wires  of  constant  interval,  and  shall 
pass  over  those  instruments  more  rarely  used*,  in  which  the  distance  on 
the  slope  is  determined  by  any  other  means.  As  already  stated,  the 
problem  of  taehymetry  consists  in  determining  in  position  and  eleva- 
tion, from  certain  stations,  those  points  of  the  surface  whose  location 
seems  desirable,  by  simply  sighting  upon  the  telemeter  held  at  the 
desired  points.  The  necessary  data  for  this  determination  comprise  the 
optical  measurement  of  the  inclined  line  of  sight,  and  the  measurement 
of  a vertical  and  of  a horizontal  angle,  which  requirements  are  fulfilled 
in  one  way  or  another  in  every  form  of  tachymeter.  If,  at  first,  we 
neglect  the  consideration  of  horizontal  angles,  which  may  be  deter- 
mined in  three  different  ways,  by  theodolite,  compass,  or  plane  table, 
tachymeters  may  be  classified  as  follows,  according  to  the  means  used 
for  determining  the  reduced  horizontal  distance  and  the  relative  or 
absolute  height. 

(1)  Those  instruments  which,  by  optical  distance- measures  and  verti- 
cal circles,  furnish  simply  the  data  of  inclined  distances  and  vertical 
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angles,  from  which  the  horizontal  distance  of  the  foot  of  the  rod  from 
the  center  of  the  station  and  the  relative  height  of  the  observed  point 
from  the  horizon  of  the  instrument  are  computed  in  one  way  or  another. 

(2)  Those  instruments  in  the  use  of  which  the  length  of  the  inclined 
line  of  sight  measured  by  the  distance  wires  of  the  telescope  is  con- 
verted at  once  into  horizontal  distance  and  relative  or  absolute  height, 
by  mechanical  arrangements  upon  the  surveying  instrument,  the  so- 
called  u projection  apparatus.” 

As  the  characteristic  feature  of  each  of  these  classes — the  vertical 
circle,  and  the  projection  apparatus — may  be  combined  with  the  various 
instruments  used  for  measuring  horizontal  angles,  as  the  theodolite, 
the  compass,  and  the  plane  table,  six  different  instruments  are  possible 
under  the  two  principal  classes  mentioned.  Of  these  six  instruments, 
the  simple  compasses  and  the  plane  tables  are  of  subordinate  value  for 
measuring  horizontal  angles.  The  object  of  the  survey  will,  in  general, 
determine  their  use.  The  addition  of  sensitive  compass  needles  to  the 
theodolite  and  plane-table  tachymeters  will  often  be  very  convenient, 
for  reasons  which  will  be  mentioned  later.  And  therefore  we  need  give 
no  further  separate  consideration  to  compass  instruments,*  because 
all  that  can  be  said  of  the  theodolite  tachymeter  also  finds  its  appro- 
priate application  to  them. 

There  remain  therefore  to  be  discussed  of  the ’two  categories  of 
instruments  above  mentioned,  (with  vertical  circles  and  with  projection 
apparatus,)  those  which  determine  horizontal  angles  by  the  divided 
circle  (theodolites)  and  those  which  represent  them  graphically  (plane 
tables). 

I.  TACHYMETERS  WITH  VERTICAL  CIRCLES. 

The  first  subdivision  of  this  group  is  represented  by  an  instrument 
which  will  be  designated  simply  as  the  tachymeter  theodolite,  and 
which,  besides  the  usual  arrangements  for  measuring  horizontal  and 
vertical  angles,  has  a distance-measuring  telescope.  The  observations 
which  are  made  in  the  field  on  instruments  of  this  class,  for  the  deter- 
mination of  points  to  be  located,  give  the  distance  on  the  slope  and  the 
horizontal  and  vertical  angle,  not  counting  as  a separate  observation 
the  space  subtended  on  the  telemeter,  from  which  the  inclined  dis- 
tance is  determined. 

From  these  data  the  azimuth  of  the  desired  point  is  first  determined, 
then  the  reduced  distance  and  the  relative  height  from  the  point  of  ob- 
servation, as  already  mentioned,  by  computation  or  in  any  other  way. 
It  cannot  be  denied  that  these  preliminary  computations  or  mechani- 
cal operations,  as  the  case  may  be,  even  if  conducted  by  experienced 
workmen,  require  considerable  time  and  that  the  danger  of  introduc- 
ing errors  of  computation,  over  which  we  have  no  control,  is  proportion- 
ately great. 
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For  plotting  the  points  of  detail  determined  by  taehymeter,  the  semi 
circular  protractor  proposed  by  Porro  is  most  convenient.  It  differs 
from  the  usual  form  in  having  the  graduation  numbered  from  right  to 
left,  and  in  having  upon  the  zero  line  a scale  of  distances,  which  renders 
it  possible  to  lay  down  at  once,  according  to  scale,  the  points  of  detail, 
without  using  the  compasses  or  marking  the  directions  with  lead  pencil. 

The  above  described  operations,  which  refer  to  detailed  surveys  with 
the  theodolite  taehymeter,  are  also  applicable,  with  some  alterations, 
to  surveys  with  the  plane  table  and  telemetric  alidade. 

In  this  case,  with  respect  to  the  special  manner  of  work  with  the 
plane  table,  i.  c.,  the  graphical  delineation  of  horizontal  angles,  the  proc- 
ess of  surveying  undoubtedly  shapes  itself  in  a somewhat  different 
manner  than  before,  since  the  geometric  picture  of  the  surface  to  be 
surveyed  is  developed  at  once.  In  this  case  the  line  to  the  desired  point 
is  first  drawn,  then  the  distance  on  the  slope  is  read  from  the  telemeter, 
and  finally  the  angle  of  elevation  as  before.  Now  it  is  absolutely  nec- 
essary, for  the  tachymetric  determination  of  a point,  to  compute  at  once 
in  the  field,  or  to  determine  by  one  of  the  methods  suggested,  at  least 
the  reduced  distance,  in  order  to  be  able  to  plot  it  upon  the  spot  by 
compass  and  scale  on  the  line  drawn  in  the  direction  of  the  geometri- 
cal position  of  the  point.  It  is  also  sometimes  necessary  to  ascertain 
at  the  same  time  the  relative  heights  of  the  observed  points  com- 
pared to  that  of  the  station,  to  compute  the  absolute  height  of  the 
station,  and  to  mark  these  at  the  geometrical  positions  on  the 
map.  Since  the  points  surveyed  are  shown  at  once  upon  the  plane 
table  in  correct  position,  this  method  has  the  great  advantage  over 
the  use  of  the  theodolite,  as  regards  distribution  of  points,  that  dur- 
ing the  work  itself  one  obtains  a clear  idea  of  the  surface  to  be  sur- 
veyed and  is  unlikely  to  determine  either  too  many  or  too  few  points. 
The  cost  of  plane-table  surveys  will  also,  according  to  actual  experience, 
prove  lower  than  that  of  theodolite  surveys.  Therefore,  whether  con- 
sidered from  a theoretical  or  an  economical  standpoint,  the  plane  table 
has  advantages  over  the  theodolite  for  tachymetric  work.  Only  the 
fact  that  the  theodolite  gives  the  records  of  measurements  in  figures, 
which  permits  at  any  time  a new  drawing  of  the  survey  on  any  desired 
scale,  while  the  results  of  plane-table  operations,  upon  the  perishable 
drawing  paper,  which  is  also  much  affected  by  the  weather,  are  re- 
stricted to  one  determined  scale,  is  in  general  to  be  advanced  in  favor 
of  the  theodolite  in  tachymetry.  The  theodolite  has  also  material  ad- 
vantages over  the  plane  table  in  regard  to  transportation,  setting  in 
position,  and  the  work  at  the  station  itself 5 that  is,  as  compared  with 
the  older  forms  of  plane  tables  and  alidades  formerly  used  for  cadastral 
surveys. 

But  the  plane-table  taehymeter  appears  in  a much  more  favorable 
light,  if  instead  of  the  old  form  of  alidade  we  use3  for  example,  an  ali- 
dade provided  with  the  Wagner  projection  apparatus  shortly  to  be  de- 
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scribed.  When  so  equipped,  plane-table  taehymeters  deserve  full  con- 
sideration, and  will  eventually  supplant  theodolite  taehymeters  in  those 
cases  where  the  object  is  to  make  surveys  with  little  expense  and  a 
sufficient  approximation  to  accuracy,  and  in  surveys  of  a topographical 
character,  where  the  object  of  the  survey  is  satisfactorily  attained  in 
the  production  of  the  map  itself. 

II.  TACHYMETERS  WITH  PROJECTION  APPARATUS. 

In  these  instruments  also  we  distinguish  two  varieties  according  as 
they  express  horizontal  angles  in  angular  measure  or  by  graphical 
delineation.  Although  different  kinds  of  such  instruments  with  pro- 
jection apparatus  have  appeared,  only  the  Wagner-Fennel  taehymeters 
and  tachygraphometers,  as  the  best  constructed,  have  succeeded  in  se- 
curing extensive  use.  As  already  stated,  both  forms  of  the  instrument 
are  so  arranged  that  the  horizontal  distance  and  absolute  height  of  the 
point  to  be  determined  are  read  directly  from  the  instrument,  after  the 
simple  pointing  and  certain  intermediate  manipulation,  without  moving 
the  telescope  and  without  any  computation  $ while  in  the  plane-table 
form  (the  tachygraplaometer),  the  horizontal  projection  of  the  observed 
point  is  plotted  in  correct  position  on  the  plan  by  pressing  an  auto- 
matic needle  arrangement. 

The  first  of  these  instruments,  the  Wagner-Fennel  tachymeter- the- 
odolite— or,  briefly,  tachymeter — is  a universal  instrument  in  the  true 
sense  of  the  word,  and  may  be  advantageously  used  for  tachymetric 
surveys,  for  minor  triangulation,  or  for  leveling. 

In  tachymetric  detailed  surveys  with  this  instrument,  four  quanti- 
ties are  observed  for  the  determination  of  each  point,  viz,  the  distance 
on  the  slope  and,  after  the  process  of  projection,  the  reduced  or  hori- 
zontal distance,  then  the  absolute  height,  and  finally  the  azimuth 
angle.  The  manipulation  of  the  instrument  in  the  field  work  is  very 
simple  and,  after  a certain  amount  of  practice,  proceeds  very  rapidly. 
The  instrument  is  adjusted  over  the  occupied  station  and  the  absolute 
height  of  the  latter  is  set  upon  the  scale  of  heights. 

The  determination  of  separate  points  from  each  station  then  pro- 
ceeds as  follows.  The  rodman  sets  the  telemeter  at  the  desired  point, 
the  observer  at  the  instrument  brings  the  middle  wire  upon  the  zero 
point  of  the  rod,  reads  the  space  on  the  rod  intercepted  between  the 
distance  wires  of  the  eyepiece,  and  records  in  his  notebook  the  corre- 
sponding inclined  distance.  Then  he  sets  off  this  inclined  distance 
upon  the  rule  parallel  to  the  line  of  sight,  pushes  the  projection  angle 
against  the  vernier  of  heights,  and  from  the  latter  reads  the  absolute 
height  and  from  the  horizontal  rule  the  reduced  distance  of  the 
observed  point. 

Finally,  the  horizontal  angle  is  read  off,  in  which  one  can  generally 
limit  himself  to  one  vernier  and  to  reading  whole  minutes.  The  read- 
H.  Ex.  43,  pt.  2 46 
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ing  of  the  four  quantities,  the  inclined  and  the  horizontal  distances, 
the  height,  and  the  azimuth  take  up  about  a minute  and  a half,  or  at 
the  most  two  minutes  of  time,  if  the  observer  at  the  same  time  under- 
takes the  necessary  settings  and  the  record  of  the  results  of  the  meas- 
urements and  if  only  one  rod  is  used. 

The  performance  of  work  can,  however,  in  proportion  to  experience, 
be  materially  increased  if  two  observers  work  with  one  instrument 
and  at  the  same  time  employ  two  rodmen.  In  consequence  of  this,  the 
engineer  conducting  the  sketching,  who  thoroughly  understands  at  the 
same  time  the  management  of  the  survey,  must  develop  a correspond- 
ingly high  production  of  work  if  desirable  results  are  to  be  obtained 
from  all  persons  employed. 

From  the  preceding  remarks  it  ought  not  to  be  difficult  to  draw  the 
conclusion  that  the  Wagner-Fennel  tachymeter-theodolite  is  superior 
to  the  ordinary  instruments  of  its  class,  and  we  believe  our  views  will 
be  supported  by  the  unanimous  opinions  of  all  those  who  have  made 
extensive  surveys  with  both  kinds  of  instruments.  As  regards  the 
second  characteristic  instrument  of  this  class,  the  Wagner-Fennel 
tachygraphometer,  we  can  make  a brief  reference  to  what  has  already 
been  said,  and  enter  into  an  account  of  the  instrument  alluded  to  only 
so  far  as  necessary  for  the  comprehensive  description  of  the  tachy- 
meter.  All  necessary  explanations  in  regard  to  setting  up  this  instru- 
ment will  be  found  in  § 25  of  the  following  treatise. 

The  survey  itself  is  conducted  in  the  same  way  as  with  the  theodolite- 
tachymeter,  except  that  the  horizontal  distance  of  the  observed  point 
is  not  first  read  off,  but  is  plotted  directly  upon  the  plane-table  sheet 
by  an  automatic  attachment  with  movable  needle,  and  in  true  rela- 
tive position,  according  to  scale.  At  the  geometrical  position  of  the 
point  thus  obtained  we  mark  its  absolute  height,  read  directly  from  the 
instrument. 

As  regards  rapidity  of  work,  the  tachygraphometer  even  surpasses 
the  theodolite  with  projection  apparatus,  for  according  to  the  state- 
ments of  a professional  man  certainly  in  this  respect  most  noteworthy, 
the  inventor  himself  (Carl  Wagner,  “Ueber  die  Hilfsmittel  der  Tacliy- 
metrie,  insbesondere  fiber  die  Vorziige  der  schiefen  Lattenstellung.” 
Zeitschr.  f.  Verm.,  Bd.  xv.,  Heft  14  u.  15),  the  field  work  with  the  tachy- 
graphometer takes  no  longer  and,  all  tilings  considered,  less  time  than 
with  the  theodolite  or  with  any  other  instrument  adapted  to  tachy- 
metric  surveys,  since  with  the  tachygraphometer  we  obtain  the  reduc- 
tion of  the  inclined  distance  as  well  as  the  plotting  of  the  desired  point, 
directly,  as  an  immediate  result. 

III.  TACHYMETRIC  SURVEYS. 

With  special  reference  to  tacliymetric  surveys,  we  need  not,  in  con- 
sidering the  numerous  monographs,  articles  in  periodicals,  and  hand- 
books of  surveying,  pursue  the  subject  further  than  appears  desirable 
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for  explaining  the  manipulation  and  advantageous  use  of  the  Wa  gner  - 
Fennel  instruments.  For  further  information  we  may  chiefly  refer  to 
the  excellent  general  account  in  Jordan’s  Handbuch  der  Yermessungs- 
kunde,  Stuttgart,  1877,  Bd.  I,  S.  626  ff.,  which  we  here  for  the  most 
part  follow  in  essential  points. 

The  field  work  of  tachymetry  consists,  as  already  stated,  in  determin- 
ing, by  measurements  of  distance,  azimuth,  and  height,  the  points 
desirable  for  the  actual  object  of  the  survey  from  certain  other  points 
which  serve  as  stations  for  the  tachymeter. 

To  determine  the  positions  and  altitudes  of  the  tachymeter  stations 
we  may  employ  any  of  the  exact  methods  of  horizontal  and  vertical 
measurement,  as  triangulation,  in  connection  with  trigonometric  level- 
ing, or  the  regular  system  of  traversing  in  polygons  in  connection  with 
spirit  leveling,  or  we  may  simply  connect  the  single  stations  with  each 
other  by  tachymeter. 

These  are  in  general  the  extreme  methods,  which,  however,  may  be 
combined  in  various  ways  so  that,  according  to  the  greater  or  less  pains 
taken  in  the  accurate  determination  of  the  stations,  a correspondingly 
different  degree  of  precision  will  be  attained  in  the  elements  determin- 
ing their  position  and  height. 

A scheme  of  minor  triangles,  with  simultaneous  trigonometric  level- 
ing, cannot  always  be  laid  out,  especially  in  extended  forests,  with 
figures  sufficiently  small  to  furnish  in  this  way  all  necessary  stations 
for  the  tachymeter;  one  is  often  compelled  to  layout  a string  of  main 
figures  and  others  of  subordinate  iurportance,  in  order  thereby  to  first 
obtain  principal  stations  with  which  other  approximate  stations  may 
be  connected  by  tachymeter.  Whether,  in  such  a series  or  main  scheme, 
the  relative  heights  should  be  determined  by  level  or  by  vertical  angles 
depends  chiefly  upon  the  amount  of  the  relative  differences  of  height 
between  the  stations  directly  connected;  in  flat  or  rolling  country 
leveling  is  advisable  on  account  of  its  exactness,  but  in  mountainous 
regions,  with  constant  changing  of  instrument  and  short  sights,  level- 
ing no  longer  commends  itself,  and  we  then  measure  the  vertical  angles 
for  all  the  lines  (preferably  in  both  directions),  at  the  same  time  with 
the  measurement  of  horizontal  angles. 

The  principal  differences  of  height  are  best  computed  exactly,  by 
logarithms,  in  connection  with  the  computation  of  the  coordinates  of 
the  points  of  the  polygons,  and  the  possible  errors  of  closing  are  dis- 
tributed in  the  connected  series  on  both  sides  in  proportion  to  the 
lengths  of  lines.  In  steep  mountainous  country,  one  is  frequently  com- 
pelled to  run  out  the  traverses  of  the  sides  of  the  polygons  with  the 
tachymeter. 

A series  of  polygons  with  leveled  stations  commends  itself,  then,  for 
the  tachymetric  survey  of  the  ground,  if  it  is  a question  of  the  survey 
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of  a strip  of  country  from  200  to  500  metres  wide  for  laying  out  a rail- 
road, a road,  or  a canal. 

In  this  case,  using  a general  preliminary  outline  prepared  upon  the 
basis  of  previous  topographic  maps  and  careful  reconnaissances,  we 
trace  out  in  the  field  a series  of  polygons  (primary  series,  called  also 
basis  of  operations)  lying  near  the  most  probable  location.  Since  we 
can  read  from  the  separate  stations  up  to  .300  metres  distance  with  the 
telemeter  the  single  stations  of  the  series  may  be  as  much  as  000  metres 
apart,  which  would  be  perfectly  practicable  and  useful  in  entirely  flat 
country,  but  in  the  mountains  the  mean  distance  between  any  two 
stations  must  generally  be  much  smaller ; distances  of  from  200  to  400 
metres  should  be  the  rule  under  mean  conditions. 

The  scale  divisions  of  the  Wagner-Fennel  instruments  are  arranged 
for  distances  up  to  200  metres,  with  the  assumed  scale  of  1-1000,  which 
does  not,  however,  prevent  working  at  greater  distances,  though  it 
appears  inexpedient  to  do  so. 

The  different  stations  of  the  series  of  polygons  are  of  course  so 
Selected  that  one  can  see  from  any  one  of  them  the  preceding  and  fol- 
lowing stations  and  can  on  all  sides  overlook  as  much  as  possible  of  the 
strip  of  country  to  be  surveyed. 

After  the  selection  and  careful  marking  of  the  principal  points,  the 
lines  are  measured  in  both  directions  of  the  series  and  the  horizontal 
angles  at  least  twice  in  each  position  of  the  telescope;  then  the  entire 
series  is  twice  leveled,  and  from  these  observations  the  coordinates  and 
heights  of  the  separate  stations  of  the  chain  are  computed. 

If  wre  obtain  the  horizonal  orientation  by  a simple  traverse,  sight- 
ing on  the  last  station,  we  do  not  use  the  compass,  strictly  speaking, 
at  all,  but  we  can  employ  it  for  reading  off  the  approximate  azimuth, 
which  is  of  material  advantage  for  a general  check  on  the  plotting. 
For  the  purposes  of  the  detailed  survey,  field  sketching  sheets  are  pre- 
pared, showing  the  series  of  polygons  plotted  in  the  usual  way  by 
rectangular  coordinates;  then  the  detailed  survey  can  proceed  upon  a 
secure  foundation  by  means  of  the  simple  tachymeter  and  without 
further  difficulty. 

If  one  does  not  in  the  first  place  systematically  determine  and  mark 
the  primary  stations,  but  merely  connects  the  different  stations  with 
each  other  tachy metrically,  generally  without  marking  them,  one  should 
at  all  events  measure  all  the  connections  between  every  two  points  in 
distance,  azimuth,  and  height,  reciprocally  in  both  directions,  and  thus 
obtain  a control  in  the  field,  so  as  not.  to  run  the  risk  that  through  an 
error  in  the  connection  of  two  stations  all  the  work  which  is  done  at 
one  or  more  stations  should  be  lost.  The  series  of  polygons  which  con- 
nects the  stations  should  not  be  left  unchecked.  Such  a series  not 
selected  in  the  beginning,  and  hence  not  commonly  marked,  should 
therefore,  at  all  events  at  the  end  of  the  work  be  verified  by  separate 
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measurement  (for  example,  by  the  three  point  problem  or  back  inter- 
sections from  at  least  two  compass  bearings). 

As  concerns  the  survey  of  details,  the  most  important  points  have 
already  been  discussed  in  connection  with  the  use  and  manipulation  of 
the  tachy meters  in  question. 

The  selection  and  the  number  of  points  to  be  determined  will  vary 
with  the  character  of  the  country  and  the  degree  of  precision  required, 
which  in  turn  is  governed  by  the  object  of  the  survey. 

With  regard  to  the  plotting  of  tachy  metrically  determined  points, 
and  also  the  further  elaboration  of  tachmetric  surveying,  which  is  all 
conducted  in  the  same  way  as  in  the  use  of  an  ordinary  theodolite 
(engineer’s  transit),  the  following  works  may  be  referred  to: 

Jordan,  Handbuch  der  Yermessungskunde,  Band  I.  Stuttgart,  1877. 

Werner,  Die  Tacheometrie  und  deren  Anwendung  zu  Tracestudien. 
Wien,  1883. 

Heusinger  von  Waldegg,  Handbuch  der  Ingenieur-Wissenschaften, 
Band  I.  Leipzig,  1883. 

Hartner-Wastler,  Handbuch  der  niederen  Geodesie.  Wien,  1885. 

With  regard  to  the  precision  of  optical  measurement  of  distances, 
the  following  is  also  well  worthy  of  attention: 

R.  Wagner,  Ueber  die  mit  dem  Reichenbach’schen  Distanzmesser 
erreichbare  Genauigkeit  und  einige  Erorterungen  iiber  die  Fehlerur- 
sachen  desselben.  Zeitschrift  fur  Yermessungswesen,  Band  xv.  Heft 
3,  4,  5.  Stuttgart,  1886. 

INTRODUCTION. 

With  the  instruments  commonly  used  in  tachymetric  work — theodo- 
lites with  telescopes  arranged  for  measuring  distances  and  with  verti- 
cal circles  for  determining  heights — it  is  necessary  to  compute  the  coor- 
dinates of  the  point  at  which  the  rod  is  held  from  the  distance  on  the 
slope,  obtained  from  the  space  subtended  on  the  rod. 

The  instruments  hereafter  described  aim  at  a saving  of  these  time- 
consuming  computations  by  giving  a direct  reading  from  the  instru- 
ment of  the  coordinates  of  the  point  observed  upon. 

The  length  of  the  inclined  line  of  sight  is  measured  by  means  of  the 
distance  wires  of  the  eyepiece,  and  then  the  horizontal  distance  from 
the  center  of  the  station  to  the  foot  of  the  rod  and  the  absolute  eleva- 
tion of  the  same  above  sea  level  are  read  from  the  instrument,  without 
any  computation;  or  in  a similar  way,  when  using  the  plane-table  form 
of  the  instrument,  the  horizontal  projection  of  the  observed  point  is 
pricked  upon  the  drawing  in  its  correct  position  by  pressing  down  a 
needle  suitably  arranged. 

Thus  in  tachymetric  work,  horizontal  angles  may  be  measured  in 
three  different  ways — by  theodolite,  by  compass,  by  the  plane  table — 
and  hence  three  different  constructions  of  this  tachymeter  are  provided. 
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The  same  characteristic,  the  Wagner  projecting  apparatus,  is  com- 
mon to  all,  and,  therefore,  in  the  following  pages  the  description  and 
theory  of  this  projecting  apparatus  are  first  given. 

THE  PROJECTING  APPARATUS,  ITS  THEORY  AND  MANNER  OF  USE. 

Section  1.  To  the  telescope  of  the  tachymeter,  which  is  provided 
with  distance  wires,  a rule  A A (illustration  No.  32),  bearing  a scale  of 
distances,  is  attached  by  two  arms,  one  of  which  is  fixed  to  the  axis  of 
the  telescope  outside  of  the  bearing  and  the  other  near  the  objective 
and  so  that  the  straight  upper  edge  and  the  face  of  the  rule  are  parallel 
to  the  vertical  plane  in  which  the  telescope  moves  in  altitude.  In  any 
position  of  the  telescope  the  upper  edge  of  the  rule  has  exactly  the 
inclination  and  direction  of  the  line  of  sight.  Upon  this  rule  moves  a 
slide  $,  held  in  place  by  an  automatic  spring  clamp,  and  carrying  two 
verniers.  The  upper  vernier  a serves  for  reading  from  the  scale  of 
heights  BE  of  the  projection  angle,  when  the  latter  is  pushed  against 
the  contact  edge  of  the  vernier.  But  in  order  to  be  able  to  do  this 
with  any  inclination  of  the  rule,  the  vernier  a is  capable  of  rotating 
on  an  axis  which,  as  is  easily  proved,  must  lie  exactly  in  the  contact 
edge.  Therefore,  in  any  inclined  position  of  the  rule  the  vernier  a may 
be  made  parallel  to  the  scale  of  heights;  that  is,  vertical.  The  lower 
vernier  1)  remains  fast  to  the  slide  and  is  used  for  the  exact  setting  of 
the  inclined  distances,  in  reduced  scale,  upon  the  rule.  If  the  zero 
point  of  this  vernier  be  set  at  the  zero  point  of  the  scale,  the  axis  of 
rotation  of  the  vernier  a lies  in  the  prolongation  of  the  axis  of  rotation 
of  the  telescope.*  Therefore  in  any  other  position  of  the  slide,  the 
interval  at  right  angles  between  the  two  axes  may  be  read  from  the 
scale,  or,  conversely,  any  desired  value  may  be  given  to  this  interval 
by  setting  the  slide. 

Sec.  2.  Nearly  perpendicularly  below  the  rule  just  described  is  a 
second  rule  BB,  also  provided  with  a scale  of  distances  and  so  attached 
that  its  face  is  parallel^*)  that  of  the  upper  rule  and  that  its  upper  edge 
remains  horizontal.  Upon  this  upper  edge,  which  is  always  horizontal 
when  the  instrument  is  in  use,  is  placed  a movable  right  angle  CBE , 
upon  the  vertical  edge  of  which  is  a scale  for  reading  heights,  which 
scale  can  be  moved  vertically  about  1*5  centimetres,  by  the  micrometer 
screw  E.  In  any  given  fjosition  of  the  right  angle,  this  scale  of  heights 
is  in  the  same  vertical  plane  as  the  vernier  a.  The  numerical  values 
for  this  scale  are  written  with  lead  pencil  for  every  10  units  upon  a 
small  strip  of  ivory,  and  when  the  height  of  the  station  is  changed  are 
easily  erased  and  replaced  by  others.  Thus  the  same  result  is  attained 
as  by  a great  motiouof  the  scale  itself,  while  the  exact  setting  to  single 

* As  will  later  be  shown  in  section  G,  the  position  of  the  vernier  b is  actually 
slightly  different.  Nevertheless  in  sections  3 and  4 the  above  statement  is  retained 
for  the  sake  of  simplicity. 
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units  and  fractions  is  accomplished  by  means  of  the  micrometer  screw 
E and  the  vernier  d.  For  example,  if  the  scale  is  to  be  set  for  a given 
elevation  of  2^7-40,  we  mark  one  of  the  even  tens  nearest  to  the  zero  of 
the  vernier  d 230  (Fig.  a)y  and  then  by  the  screw  E move  the  .whole 
scale  until  the  vernier  reads  7-40  units,  in  addition.  With  the  telescope 
horizontal,  both  verniers,  d and  a,  then  give  the  same  height,  237-40 
(Fig.  b). 


Fig.  a.  Fig.  b. 


In  order  to  facilitate  the  sliding  motion  of  the  projection  angle,  the 
ends  of  its  lower  surface  CD  are  supported  on  friction  rollers.  Then  at 
i is  an  automatic  spring  clanrp  by  which  the  projection  angle  is  held 
fast  in  any  position,  and  finally  at  c is  a vernier  which  serves  for  read- 
ing the  reduced  horizontal  distances.  When  this  last  vernier  is  set  at 
zero  on  the  scale  BB?  the  forward  edge  of  the  scale  of  heights  DE  is 
exactly  in  the  vertical  plane  passing  through  the  horizontal  axis  of  the 
telescope.  If,  therefore,  the  projection  angle  is  pushed  forward  until 
the  scale  of  heights  meets  the  contact  edge  of  the  vernier  a,  the  hori  - 
zontal  projection  of  the  distance  between  the  axis  of  the  vernier  a and 
the  horizontal  axis  of  the  telescope  may  be  fead  directly  from  the  ver- 
nier c,  and  the  vertical  projection  of  this  distance  appears  on  the  scale 
of  heights  as  the  difference  of  the  verniers  a and  d. 

Sec.  3.  In  order  to  explain  the  theory  and  use  of  this  i>rojection  ap- 
paratus, let  us  imagine  two  straight  rules  lying  in  a vertical  plane  and 
capable  of  rotation  about  a common  point  0 (fig.  c.),  the  upper  edge 
AA  of  the  one  being  directed  by  a sighting  arrangement  upon  a point 
P,  to  be  determined,  while  the  upper  edge  BB  of  the  other  is  retained 
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in  horizontal  position  by  a level.  Then  if  the  length  Oa  corresponds 
in  any  known  relation  (reduced  scale)  to  the  distance  OP,  and  if,  fur- 
ther, CI)E  be  a right  angle  (projection  angle)  movable  upon  PP,  then 


Fig.  c. 

01)  is  evidently  equal  to  the  horizontal  projection  and  AD  to  the  ver- 
tical projection  of  Oa  and  only  the  arrangement  of  suitable  graduations 
is  necessary  in  order  to  be  able  to  read  these  values  directly  with  sat- 
isfactory exactness. 

If  the  second  rule,  while  still  in  the  vertical  plane  of  the  first,  instead 
of  remaining  at  PP  is  brought  into  any  desired  position  parallel  to  PP, 
as  PiP],  we  still  preserve  (with  a correspondingly  lengthened  projec- 
tion angle)  the  horizontal  and  vertical  projections  of  Ou,  for  from  the 
resulting  parallelogram,  OD=OlD[  and  aD=aDx — DDx=aDi — OOx. 

The  distance  OOx=DDx  only  comes  into  consideration  in  vertical 
projection,  and  always  as  a constant  correction,  the  subtraction  of 
which  can  be  mechanically  performed,  if  this  distance,  the  relative  height 
of  the  point  of  rotation  0,  is  marked  on  the  projection  angle. 

If,  for  example,  the  zero  point  of  the  graduation  upon  the  projection 
angle  stands  at  the  same  height  as  the  point  0,  then  the  former  also 
corresponds  with  the  point  P;  and  Da  (in  the  same  way  the  relative 
height  of  the  point  P sighted  upon)  can  be  read  directly  from  the 
graduation  in  correspondingly  reduced  scale. 

Sec.  4.  If  we  add  the  relative  height  of  P to  the  absolute  height  of 
the  point  O,  referred  to  any  horizontal  plaue,  we  shall  obtain  the  abso- 
lute height  of  the  point  P.  But  this  addition  is  not  obtained  by  com- 
putation but  by  mechanical  means,  assigning  to  the  point  0 the  abso- 
lute height  of  the  station.  Then  the  poiut  D on  the  scale  of  heights 
corresponds  to  the  absolute  height  of  the  station  and  by  reading  oft*  at 
a,  the  addition  of  Da  is  accomplished  without  separate  manipulation, 
and  therefore  the  absolute  height  of  P is  obtained.  Hence  it  does  not 
enter  into  consideration  whether  P lies  above  or  below  the  horizon,  for 
in  the  latter  case  a subtraction  of  the  relative  height  follows,  as  is 
easily  indicated  by  a corresponding  alteration  of  the  figure. 

The  procedure  necessary  for  moving  the  scale  of  heights  in  setting 
for  the  absolute  height  of  the  station  is  given  in  section  2,  above. 
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Finally,  it  should  be  suggested  that  the  points  0 and  a are  understood 
to  represent  the  geometrical  axes  of  revolution  of  the  telescope  and  of 
the  vernier  a. 

Sec.  5.  In  the  use  of  a tachymeter-theodolite,  whose  telescope  is  ar- 
ranged for  the  use  of  the  telemeter  and  with  the  rod  held  at  right  an- 
gles to  the  line  of  sight,  we  obtain,  as  is  well  known,  the  horizontal 
distance  E between  the  foot  of  the  rod  and  the  station  point  by  the 
formula, 

E = ( C.L  4-  e)  cos  a + S.  sin  a ....  (1) 

in  which,  L is  the  interval  read  from  the  rod, 

C is  the  constant  factor,  as  100  or  200,  for  example, 
c the  additive  constant,  equal  to  the  distance  from  the  center 
of  the  instrument  to  a point  at  a distance  in  front  of 
the  objective  equal  to  its  principal  focal  distance, 
a the  angle  which  the  central  visual  ray  makes  with  the 
horizon, 

S the  height  of  the  target  above  the  ground. 

It  will  now  be  shown  that  we  obtain  from  the  tachymeter  with  pro- 
jection apparatus  a similar  graphical  derivation  of  this  formula  and 
the  process  by  which  it  is  found  will  be  given. 

The  addition  of  the  constant  c to  the  product  (72/,  which  is  easily 
obtained  from  the  rod-reading  and  set  off  upon  the  scale  AA  by  means 
of  the  vernier  b , is  accomplished  always  in  a mechanical  way  if  the 
vernier  b is  so  corrected,  once  for  all,  that  it  reads  — c when  the  contact 
edge  and  axis  of  revolution  of  the  vernier  a lie  in  one  vertical  plane 
with  the  horizontal  axis  of  the  telescope. 

Then  also  in  the  corresponding  position  of  the  projection  angle  the 
vernier  c stands  at  zero  upon  the  lower  scale,  from  which  the  reading 
of  the  horizontal  projection  is  taken,  while  in  any  inclined  position  of 
the  telescope  one  will  read  a horizontal  distance  which  is  greater  by 
c cos  a than  would  be  the  case  without  this  correction.  The  actual 

amount  of  this  correction  must  evidently  be  equal  to  — , if  n denotes  the 

reduced  proportion  of  the  scale. 

Sec.  6.  In  order  also  to  bring  the  term  8.  sin  a into  calculation  by 
mechanical  means,  the  axis  of  rotation  of  the  vernier  a is  so  ar- 
ranged that  in  the  horizontal  position  of  the  telescope  it  lies  below 

or 

the  horizontal  axis  of  the  telescope  at  a distance  equal  to^.  If  this 

condition  is  satisfied,  not  only  is  the  term  8.  sin  a brought  into  con- 
sideration in  taking  off  the  projection,  but  we  also  obtain  the  height 
of  the  distant  point  compared  to  that  of  the  station,  correctly  within 
the  limit  J—8  (where  J is  the  height  of  instrument  above  ground  and 
8 that  of  the  target). 
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Figure  d serves  as  a demonstration,  and  in  this  figure 
V denotes  the  zero  point  of  a telemeter  at  P, 

0 denotes  the  horizontal  axis  of  the  telescope, 

OV  denotes  the  line  of  sight  (determined  by  the  middle  wire)  to 
which  the  telemeter  is  held  perpendicular, 


Fig.  d. 


a denotes  the  angle  of  inclination  of  this  line  of  sight  to  the 
horizon,  and 

— denotes  the  reduced  scale  of  the  divisions  on  the  rules  ; 
n 

further  let 

OOi  = J = the  height  of  instrument,  i.  e the  vertical  distance  from 
the  axis  of  the  telescope  to  the  ground. 

P V = 002  = S = the  height  of  the  signal,  i.  e the  distance  from  the 
foot  of  the  rod  to  its  zero  point, 

Oa  = 0V. 
n 
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If  we  now  draw  aa  at  right  angles  to  0 F,  and  also  make  aa2  = Ok  = 

a 

Oi  = , lea  will  represent  the  line,  parallel  to  the  line  of  sight,  in  which 

n 

the  point  of  rotation  of  the  vernier  a (section  1,  illustration  No.  32) 
moves  when  the  slide  is  moved  along  the  rule.  When  the  distance  is 
zero  and  the  line  of  sight  horizontal,  this  point  of  rotation  of  the  ver- 
nier falls  upon  i. 

For  the  distance  on  the  slope,  OF,  the  setting  of  the  vernier  h (sec 

tion  1,  illustration  No.  32)  to  ^ = hax  gives  on  the  rule  AA  the  point 

n 

ax  and  the  distance  Oax  must  evidently,  from  the  similarity  of  the  tri- 

OP 

angles  Oaxa  and  OPF,  be  equal  to If  now  Oa{  be  projected 

' , It 

upon  the  horizontal,  we  obtain  the  length. 

OF  S 

Oa2  = ia3  = Oe{  + exa2  = Oa.  cos  a -f  aax  sin  a = . cos  a + — sin  a 

n n 

= — ( 0.  L 4-  c)  cos  a + S.  sin  a ] — — P 
n L j n 


By  this  process  then  we  obtain  the  horizontal  projection  of  the  dis- 
tance OP,  in  the  reduced  scale  adopted,  corresponding  to  the  formula 
(1),  section  5. 

Sec.  7.  The  difference  of  height  between  0{  and  Pis  PPi  = H.  If 
we  suppose  that  in  Fig.  d,  002  = FP  = JS  and  that  the  connecting 
right  lines  %aY  and  02P  are  drawn,  then  the  figures  Oiaxa  and  002PV 
are  similar,  whence  it  follows  that  ia{  is  parallel  to  02P  and  that 


= - . o2p. 

n 

Further,  it  appears  from  the  similarity  of  the  triangles  %ax  a?,  and 

02PP2 , that  a2a3  = 1 PP2  ; that  is  to  say,  from  the  vertical  projection 
n 


of  the  point  ax  we  obtain  in  axa 3 the  reduced  measure  of  PP2. 

If  this  be  converted  into  the  natural  scale  and  if  J—8  be  added 
thereto,  we  then  obtain  the  difference  of  height  between  Ox  and  P; 

H = PP2  - PXP2  = PP2  - (S  - J)  = PP2  + (J  - 8) 

But  the  addition  of  J — S can  also  be  made  in  a mechanical  way 
upon  the  instrument,  as  long  as  one  works  with  a constant  height  of 
instrument. 

If  one  takes  the  height  of  instrument  equal  to  that  of  the  signal 
(the  height  of  the  zero  point  of  the  rod),  which  always  amounts  to 
l-5m,  then  <P—  S = 0,  and  this  correction  is  in  general  unnecessary. 
If,  however,  the  height  of  instrument  is  not  equal  to  that  of  the  signal, 
then  we  bring  the  difference  J— $ into  account  by  so  moving  the  vernier 
d,  when  the  telescope  is  horizontal,  that  its  reading  upon  the  scale  of 
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heights  differs  from  the  vernier  a by-— — — * With  a negative  value  for 

n 

the  vernier  d must  be  moved  up  and  with  a positive  value  it 

lb 

must  be  moved  down. 

The  vernier  d is  attached  to  the  projection  angle  by  two  small  screws 
passing  through  elongated  slots  so  that  it  may  be  moved  in  a vertical 
direction,  if  the  screws  are  loosened  a little. 

If,  for  example,  the  assumed  instrument  height  of  l*5m  were  too  great, 
on  account  of  an  observer’s  smaller  stature,  and  were  reduced  to  l*25m, 
consequently  J — S = — 0*25™,  and  the  vernier  d must  be  moved  up 

025mm  if  ^=1000,  and  thence  — = — 0-25mm. 

If,  then,  the  scale  of  heights  be  set  for  the  height  of  the  particular 
station  by  the  vernier  d and  the  height  of  the  observed  point  be  read 
from  the  vernier  &,  the  latter  value  will  be  smaller  by  0*25mm,  (corre- 
sponding on  the  scale  used  to  0*25m),  than  would  have  been  the  case 
without  this  correction.  Should  it  for  any  reason  be  impracticable  to 
work  with  a constant  height  of  instrument,  the  difference  J— #,  which 
for  any  one  station  is  a constant,  could  be  allowed  for  in  setting  the 
scale  of  heights  to  the  absolute  height  of  the  station. 

If,  for  example,  the  height  of  the  station  is  254*6m  and  the  height  of 
instrument  isl*3m,  then  J — $ = l-3m  — l*5m  = - 0*2m  and  therefore  the 
height  assigned  to  the  instrument  in  setting  the.  scale  of  heights  is 
* 254-4111.  If  one  prefers  not  to  use  this  method,  the  difference  J — S .is 
to  be  added  algebraically  in  the  usual  way  to  the  height  of  the  observed 
point,  read  from  the  vernier  a. 

Sec.  8.  (Superseded  by  the  addendum  given  in  the  regular  order,  but 
translated  here  for  comparison.) 

It  follows,  from  the  description  and  theory,  that  the  use  of  the  pro- 
jection apparatus  consists  simply  in  this,  that  the  slide  with  the  ver- 
nier b is  set  at  the  graduation  corresponding  to  the  distance  read  off, 
then  the  projection  angle  is  pushed  against  the  vernier  a,  when  the 
height  and  distance  horizontally  of  the  point  sighted  upon  are  read 
from  the  verniers  a and  c,  respectively. 

If  one  has  read  a distance  on  the  rod  for  which  the  graduation  of  the 
scale  is  insufficient,  one  divides  the  distance  into  two  parts,  reads  the 
height  and  horizontal  projection  for  each  partf  and  adds  these  together. 
For  example,  if  the  distance  read  is  287’3,n  = 200m  4-  87-3111,  we  set 
off,  first,  upon  the  upper  rule  200ul,  read  the  corresponding  height  and 
horizontal  distance,  then  -set  off  87-3m  upon  the  upper  rule,  read  also 
the  height  and  horizontal  distance  corresponding  to  this  distance,  and 
add  the  numbers  so  obtained,  and  thus  obtain  the  coordinates  of  the 
point  sighted  at.  A consideration  of  Fig.  e,  in  which  D,  H,  E denote 
the  entire  inclined  distance,  the  height  and  the  horizontal  projection, 
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and  di,  d2 , h2?  eiy  e2 , denote  tlie  corresponding  partial  distances  and 

heights,  respectively,  will  at  once  show  the  correctness  of  the  rule. 


Sec.  9.  In  cases  where  it  is  not  practicable  to  hold  the  rod  at  right 
angles  to  the  line  of  sight,  it  may  be  held  vertically.  Then  the  inclined 
distance  is  read  as  usual,  set  off  upon  the  upper  rule,  the  corresponding 
horizontal  projection  read  off,  this  last  distance  set  off  once  more  upon 
the  upper  rule  and  projected  the  second  time,  and  we  then  obtain  the 
desired  horizontal  projection  of  the  point  sighted  upon.  If  in  the  verti- 
cal position  of  the  rod  the  inclined  distance  was  found  equal  to  D,  then 
its  horizontal  projection  is  evidently  E = D.  cos2  a. 

But  one  obtains  exactly  the  same  result  by  the  double  projection. 

In  Fig./,  let  Oa  = — , then  Oh  = Oc  = — cos  the  first  projection 

of?. 

n 

E E 

Exactly  in  the  same  way  = Oc  cos  a = — cos2  a,  which  agrees 

n n 

with  the  form  given  above. 


Fig.  e. 


Fig./. 

Note. — Sections  8 and  9 of  this  treatise  have  been  superseded  by  the 
following  addendum: 
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COMMUNICATION  FOR  THOSE  USING  THE  WAGNER-FENNEL 
TACHYMETER  AND  TACHYGRAPHOMETER. 

Cassel,  May  16,  1890. 

Otto  Fennel, 

Mathematical  and  Mechanical  Institute , Cassel : 

In  the  treatise,  “DieWagner-FeunePschen  Tachymeter  des  Matho- 
matischen  Mechanischen  Institutes  von  Otto  Fennel,  in  Cassel,  1886,” 
there  are  in  sections  8 and  9 some  inaccuracies  concerning  the  use  of 
the  Tachymeter  at  distances  over  200  meters  and  in  tLe  use  of  the  rod 
held  vertically.  It  is  therefore  necessary  in  these  cases  to  proceed  with 
the  survey  not  as  stated  in  sections  8 and  9,  but  according  to  the  follow- 
ing rule.  The  detailed  proof  of  this  rule,  as  well  as  a new  demonstra- 
tion of  the  theory  of  the  projection  apparatus,  will  shortly  be  made 
known  in  Appendix  II : 

I. 

In  order  to  project  a distance  which  is  greater  than  200  metres  and 
less  than  400  metres,  one  sets  off  upon  the  telescope  rule  the  half  of 
this  distance,  reads  off  the  corresponding  horizontal  and  vertical  pro- 
jections Ex  and  Hh  doubles  them,  sets  at  zero  on  the  telescope  rule, 
reads  once  more  the  corresponding  horizontal  and  vertical  projections 
and  and  subtracts  the  same  from  the  values  and  2 IZj. 

Example. 

Height  of  station=47*8m.  : z=0Tm.  : Ar=47*7m. 

r Upper  wire  at  the  zero  point. 

Rod  readings  } Middle  wire  at  1*836  (check  reading). 

( Lower  wire  at  3*673  x i = 1*8365. 

Setting  on  the  telescope  rule  = half  distance  = 183*65m. 


Horizontal  projection. 
E[  = 181*45 
2 Ei  = 362-90 
— — —0-85 

E =362-05 

True  horizontal  distance. 


Vertical  projection. 

Hi  = 52-10 

2 Hi  = 104-20 
— hi  = —47-80 
R = 56-40 

True  difference  of  elevation. 


II 

If  one  has  observed  upon  the  rod  held  vertically,  he  obtains  the  hor- 
izontal and  vertical  projections  of  the  distance  by  setting  off  the  ob- 
served rod-reading  upon  the  scale  attached  to  the  telescope,  by  read- 
ing its  horizontal  projection  E\,  by  setting  off  this  reading  again  upon 
the  telescope  scale,  and  by  reading  off  the  corresponding  horizontal 
projection  E2  and  vertical  projection  H2.  Next  one  sets  at  zero  on  the 
telescope  scale,  reads  off  the  horizontal  projection  eh  subtracts  there 
from  the  additive  constant  c , sets  off  ex  — c upon  the  telescope  scale, 
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and  reads  the  corresponding  horizontal  projection  e2  and  vertical  pro- 
jection h2.  Now  one  subtracts  e2  from  E2  and  li2  from  H2j  and  adds  to 
the  latter  value  the  reduced  height  of  station,  Ar. 

Example. 

c = 0*5  m for  all  Wagner-Fennel  tachy meters 

Height  of  station  = A = 51*65m  : z — 0*05  : A — z = 51-60. 

( Upper  wire,  zero, 

Bod  reading  ] Lower  wire> 

Setting  on  the  telescope  scale  = 172-0  m. 


Horizontal  projection. 

Vertical  projection. 

L65-65 

H2=  102-15 

Es  = 

158-75 

— h 2=  51-70 

e\  — 

1-05 

H-  {A  — z)  ='  + 51-60 

ei  — c = 

0-55 

— 1-50 

True  height  JET  = 4 102-05 

True  horizontal  distance  E — 157-25 

Appendix  containing  the  derivation  of  the  formula  assumed  as  known 
in  sections  5 and  9. 

Sec.  33.  The  distance-measuring  telescopes  of  the  Wagner-Fennel 
tachymeters  do  not  differ  materially  from  those  commonly  employed  in 
geodetic  instruments,  except  that  the  diaphragm  carries,  besides  the 
usual  cross  hairs,  two  additional  parallel  horizontal  wires  (distance 
lines),  one  above  and  one  below  the  central  horizontal  line,  and  at  equal 
distances  from  it. 


Fig.  g. 


In  Fig.  g. 

A is  the  eyepiece; 

B , the  objective  of  a tachymeter  telescope; 

/,  the  focal  length  of  this  objective; 

l — qr,  the  portion  of  the  plane  of  the  image  included  between  the 
two  distance  wires ; 
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L , tlie  portion  of  a telemeter  which  is  intercepted  between  the  two 
planes  of  rays  q t and  r s passing  through  the  distance  wires,  and  fur 
ther  5 

Oy  the  distance  of  the  telemeter  from  the  objective; 
g , the  distance  of  the  image  from  the  objective,  and  consequently 


L _ l 

W 9 

According  to  a fundamental  equation  of  optics  we  have  also 


1 + I = 1 

o + g f 


(i) 


(2) 


By  means  of  these  two  equations  the  desired  distance  G may  be  de- 
duced from  X,  I,  and  /,  which  are  assumed  to  be  known,  in  the  follow- 
ing manner: 

From  equation  (1)  — = 

9 G-1 

If  we  substitute  this  value  in  equation  (2)  we  have 

i+ A=i 

G G.l  J 


Multiplying  both  sides  by  G. /and  transposing,  this  becomes 

/ 


G=f+  j . -Ij 


(3) 


The  value  *y,  by  which  the  part  of  the  rod  appearing  between  the 
t 

wires  is  to  be  multiplied,  forms  the  so-called  multiplication  constant, 
which  is  hereafter  denoted  by  (7,  and  by  the  introduction  of  which 
equation  (3)  takes  the  following  form : 

G—C.  -£+/ • j (4) 

in  which  G denotes  the  distance  of  the  rod  from  the  objective. 

In  order  now  to  obtain  the  distance  from  the  center  of  the  instrument 
to  the  rod,  hereafter  denoted  by  D , the  distance  i from  the  horizontal 
axis  of  the  telescope  to  the  objective  is  to  be  added  to  every  distance. 
Equation  (4)  then  becomes 

D=C . 1/ f i (5) 

The  amount  f-\-i  denotes  the  distance  of  the  forward  principal  focus 
of  the  objective  from  the  center  of  the  instrument,  the  so-called  addi- 
tion constant,  which  is  generally  denoted  by  c.  If  we  introduce  this 
value  in  equation  (5)  it  becomes 

D=C  . L + c (6) 

Sec.  34.  We  have  next  to  investigate  the  method  by  which,  with 
the  line  of  sight  inclined  to  the  horizon  and  with  the  telemeter  held  at 
right  angles  to  the  line  of  sight,  we  obtain  the  horizontal  projection  E 
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of  the  distance  on  the  slope  from  the  centre  of  the  station  to  the  foot 
of  the  rod.  For  this  we  use  Fig.  h , in  which 
0 denotes  the  center  of  the  instrument; 

V the  zero  point  of  the  telemeter ; 

P the  foot  of  the  same ; 

L the  space  on  the  rod  intercepted  between  the  distance  wires,  and 
a the  angle  of  inclination  which  the  central  ray  0 V makes  with  the 
horizon. 


Fig.  h. 


If  in  addition  we  call  the  horizontal  projections  of  the  points  0,  F, 
and  P,  respectively,  Oi,  Fi,  F2,  and  P2,  and  the  distance  from  the  zero 
point  to  the  foot  of  the  rod  S7  the  desired  distance  Oi  Pi  is  easily 
obtained,  as  follows,  from  equation  (6)  of  section  33: 


and  therefore 
and 


0 V = 0.  L + o 
0 V2  = (C.  L + c.)  cos  a 
Fi  P = 8.  sin  o\ 


Adding  these  last  two  equations  and  considering  that 
0 V2  + 7i  P = 0!  P1  = P, 

we  obtain 

P = (C.  L + c)  cos  a + 8.  sin  a . . . (9) 

This  is  the  formula  given  in  the  beginning  of  section  5,  upon  which 
is  based  the  discussion  in  sections  5 and  6. 

H.  Ex.  43,  pt.  2 47 
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In  section  9 we  have  discussed  the  case  where  the  condition  of  the 
ground  constrains  us  to  depart  from  the  customary  position  of  the  rod 
at  right  angles  to  the  line  of  sight  and  to  hold  it  vertical. 

This  case  is  shown  in  Fig.  i,  in  which  0,  Oi,  V,  P , P,,  X,  s t,  have  the 
meanings  already  assigned  them  in  sections  33  and  34. 


Fig.  i. 


s 

t = 

L. 

cos  a 

and  therefore 

O 

v = 

C. 

L.  cos  a + c*  ...  . 

. . . (10) 

or  approximately 

0 

v = 

: (0.  L + c)  cos  a ..  . 

. . . (11) 

(With  c = 0-5  m.  and  a — 10°,  the  difference  between  formulas  (10) 
and  (11)  amounts  to  0-005  m.,  with  a = 25°  to  0-045  in.,  with  a = 45° 
to  0-145  m). 

w,  as  in  equation  (6)  of  section  33,  we  denote  the  factor  (C.  L + c) 
by  I),  equation  (11)  assumes  the  form 

O V = D.  cos  a (12) 

If  now  we  once  more  denote  by  E the  horizontal  projection  0Y  Pi  of 
O V , we  obtain 

E = 0 V.  cos  a 
— JD.  cos2  a 

as  the  formula,  the  graphical  demonstration  of  which  by  the  projection 
apparatus  was  explained  in  section  9. 
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DESCRIPTION  OF  THE  TACHYMETER  WITH  REPEATING  CIRCLE. — 

(Tachymeter-theodolite. ) 

Sec.  10.  The  construction  of  the  tachymeter  with  repeating  circle  is 
shown  in  a general  way  in  illustration  No.  32.  The  telescope  is  of  35 
centimetres  focal  length  and  has  a magnifying  power  of  31.  It  has 
cylindrical  pivots  resting  in  Y-shaped  bearings,  can  be  easily  moved 
and  reverses  by  the  eye  end.  The  covers  of  the  bearings  have  openings 
so  arranged  that  a striding  level  can  be  placed  upon  the  pivots,  for 
the  horizontal  adjustment  of  the  telescope  axis.  In  order  to  be  able 
also  to  take  exact  levels,  a reversion  level  is  attached  to  the  telescope. 

The  reticule  for  telemetric  measurements  is  of  peculiar  construction 
and  so  arranged  that  either  of  the  two  outer  wires  may  be  brought  up 
to  the  middle  wire. 

The  horizontal  circle,  of  15-5  centimetres  diameter  at  the  inner  edge 
of  the  limb,  is  provided  with  a cover,  in  order  to  perfectly  protect  the 
graduation  from  defacement  and  from  flying  dust.  The  openings  for 
the  verniers  are  covered  with  glass  plates.  The  graduation  is  made, 
as  desired,  either  sexagesimal  (360°)  to  20',  with  verniers  reading  to 
30";  or  centesimal  (400°)  to  50',  with  verniers  reading  to  V.  The  axes 
are  of  the  most  perfect  construction.  The  clamps  act  on  the  center 
without  touching  the  circle  or  the  alidade  and  the  slow  motion  is  given 
by  fine-threaded  screws,  working  against  springs.  The  castings  are  all 
large  and  ribbed,  in  order  to  obtain  the  greatest  stiffness  combined 
with  moderate  weight.  The  fastening  of  the  instruments  to  the  stands 
is  by  means  of  screw  bolts.  The  stands  are  of  a special,  new  construc- 
tion. The  tripod  head  consists  of  a single  bronze  casting  and  is  there- 
fore of  the  greatest  durability,  while  the  legs  are  made  of  the  best  tough 
ash.  These  stands  cousiderably  surpass  in  stability  those  earlier  used, 
without  having  a greater  weight.  The  fastening  of  these  instruments 
in  their  boxes  is  so  secure  that  the  longest  and  most  severe  transporta- 
tion has  no  bad  effect  upon  them. 

DESCRIPTION  OF  THE  TACHYMETER-COMPASS. 

Sec.  18.  The  tachymeter,  for  the  measurement  of  horizontal  angles  by 
compass,  is  io  its  upper  construction  almost  exactly  like  the  one  pre- 
viously described;  only  the  bearings  of  the  telescope  axis  are  different. 
These  have  pivots  shaped  like  double  cones,  which  lie  in  bearings 
closed  by  solid  covers  and  therefore  can  not  be  taken  out  of  the  bear- 
ings. 

The  compass  has  a needle  11.5  centimetres  long  and  the  circle  is  di- 
vided to  half  degrees.  The  north  and  south  line  is  parallel  to  the  plane 
in  which  the  telescope  moves.  Upon  the  compass  plate  are  fastened 
at  right  angles  to  each  other  the  two  tubular  levels  (cross  levels),  of 
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which  one  lies  parallel  and  the  other  at  right  angles  to  the  axis  of  the 
telescope.  The  construction  of  the  base  and  the  manner  of  attachment 
to  the  tripod  are  as  usual. 

DESCRIPTION  OF  THE  TACHYMETER  WITH  THE  PLANE  TABLE. — 

( Tachy  gr  aphometer. ) 

Sec.  20.  The  general  construction  of  this  instrument  is  shown  in 
illustration  No.  33.  The  telescope  transits  between  the  standards ; is 
of  35  centimetres  focal  length;  magnifies  thirty-one  times,  and  has 
double  cone-shaped  pivots  resting  in  bearings  closed  by  solid  covers. 

In  order  to  be  able  to  undertake  exact  leveling  the  telescope  is  pro- 
vided with  a reversion  level.  The  eyepiece  micrometer  is  of  a peculiar 
form  and  so  arranged  that  either  of  the  two  outer  wires  can  be  brought 
into  contact  with  the  middle  wire.  The  instrument  is  furnished  with 
two  riding  levels,  one  of  which  is  arranged  for  placing  upon  the  tele- 
scope, the  other  upon  the  rules.  The  telescope  standard  is  fastened  to 
the  footplate,  which  corresponds  to  the  rule  of  the  ordinary  alidade. 

In  order  to  facilitate  the  motion  of  the  alidade  upon  the  plane  table? 
the  footplate  is  provided  with  three  relieving  rollers. 

They  stand  with  their  axes  radial  to  the  axis  of  rotation  of  the 
alidade  (which  will  be  further  mentioned  in  section  22)  and  can  by  means 
of  vertical  set  screws  be  moved  so  much  lower  that  they  project  some 
millimetres  below  the  under  surface  of  the  footplate,  for  which  pur- 
pose there  are  corresponding  openings  in  the  latter.  The  rollers  not 
only  facilitate  the  horizontal  motion  of  the  alidade  upon  the  plane  table 
but  also  enable  us  to  keep  the  alidade  in  exactly  horizontal  position 
while  in  use,  without  the  necessity  of  using  for  that  purpose  the  level- 
ing screws  of  the  table,  in  the  employment  of  which  a new  orienting 
of  the  table  would  generally  be  necessary.  One  of  the  relieving  rollers 
has  a check  screw  attached  by  which  the  horizontal  rotation  of  the 
alidade  is  regulated,  i.  e.,  can  be  made  to  run  easier  or  harder. 

Sec.  21. — The  footplate  of  the  alidade  is  strengthened  along  its 
straight  side  by  a flat  rib  mm  (Fig.  &,)  upon  which  a slide  can  be 
moved  parallel  to  the  scale  J5J5,  upon  which  the  projection  angle  runs. 
To  this  slide  is  attached  at  g a slightly  projecting  vertical  socket,  in 
which  moves  a little  cylinder  provided  at  its  lower  end  with  a needle 
and  at  its  upper  end  with  a knob,  which  cylinder  can  be  moved  up  and 
down  close  along  the  edge  of  the  footplate.  A slight  pressure  of  the 
finger  serves  to  force  the  needle  down  and  to  mark  a point  in  a paper 
lying  beneath,  while  upon  the  removal  of  the  pressure  a spiral  spring 
coiled  around  the  socket  lifts  the  needle  up  again. 

By  the  arm/,  the  slide  is  connected  with  the  projection  angle  and  it 
will  therefore  transfer  directly  upon  the  plane-table,  in  a mechanical 
way  and  by  means  of  the  needle  cylinder,  the  motions  of  the  projection 
angle,  which  correspond  in  the  proportion  shown  to  the  horizontal  dis- 
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tance  of  the  point  observed,  without  its  being  necessary  to^rst  read 
this  distance  from  the  vernier  e.  (Figs.  Jc  and  l.) 


Fig.  k. 


Fig.  1. 

Upon  the  flat  rib  m there  is  a scale  of  distances  and  upon  the  slide 
at  e is  fixed  a vernier,  which  serves  for  mapping  in  case  the  slide  should 
be  used  independently  of  the  projection  angle,  for  which  purpose  the 
arm  / can  then  be  removed. 

This  case  occurs  when  it  appears  desirable  to  choose  the  scale  of  the 
map  smaller  or  larger  than  the  scale  to  which  the  projection  apparatus 
is  adapted. 

Then  the  horizontal  distances  can  be  read  from  the  vernier  c and  can 
be  set  off  in  corresponding  reduction  upon  the  graduation  of  the  rib  m 
by  the  vernier  e. 

In  the  ordinary  use  of  the  instrument,  however,  the  slide  remains 
joined  to  the  projection  angle  and  the  graduations  of  the  rule  B B and 
of  the  rib  m m do  not  then  come  into  use. 
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Sec.  22.  Iii  order  to  be  able  to  practically  make  use  of  the  above  pro- 
cess of  transforming  horizontal  distance  in  graphical  delineation,  it  is, 
however,  necessarj,  in  the  first  place,  that  during  the  observations  the 
alidade  should  turn  exactly  about  the  station  point  marked  upon  the 
table,  and  that,  secondly,  the  needle  cylinder  should  coincide  with  this 
station  point  when  the  vernier  e stands  at  zero  upon  the  scale  of  dis- 
tance, or,  if  mapping  mechanically,  the  projection  angle  should  stand 
with  its  forward  edge  in  the  produced  axis  of  the  telescope. 


Fig.  m. 


This  is  accomplished  by  the  aid  of  a small  centering  rule  ~k  (Fig.  m), 
whose  circular  end  can  be  placed  over  any  desired  point  by  means  of  a 
little  hole  at  its  center.  In  the  straight  edge  of  the  alidade  rule  a cir- 
cular segment  is  cut  out,  the  radius  of  which  is  exactly  equal  to  the 
radius  of  the  outer  circumference  of  the  end  of  the  centering  rule,  and 
with  the  middle  point  of  which  the  needle  of  the  cylinder  would  coin- 
cide in  the  before-mentioned  position  of  the  slide. 

If  we  place  the  head  of  the  centering  rule  exactly  in  the  opening  in 
the  alidade  rule,  then  the  middle  point  of  the  opening  must  coincide  with 
the  middle  of  the  small  hole,  and  in  order  to  satisfy  the  requirements 
of  graphic  delineation  it  is  only  necessary  to  move  both  parts  until 
the  station  marked  on  the  table  lies  in  the  middle  of  the  peep  hole. 

Then  the  centering  rule  is  held  fast  with  the  right  hand,  while  the 
left  hand  makes  the  necessary  rotation  of  the  alidade,  which  motion  is 
very  readily  accomplished,  in  consequence  of  the  radial  arrangement, 
with  reference  to  the  center  of  rotation  of  the  relieving  rollers  men- 
tioned in  section  20. 

Sec.  23.  In  plane-table  surveys,  as  is  well  known,  the  horizontal 
angles  which  the  lines  of  sight  make  with  the  line  of  orientation  are 
transferred  directly  from  the  ground  to  the  map  fastened  upon  the 
table;  yet  heretofore  it  was  necessary  to  plot  horizontal  distances, 
determined  in  any  manner,  by  compass  and  scale  along  the  straight 
edge  of  the  rule. 

But  with  the  above-described  mapping  apparatus  the  latter  work  is 
avoided,  and  all  tlie  mapping  is  accomplished  in  a purely  mechan- 
ical way  without  the  necessity  of  any  manipulation  other  than  the 
pressing  down  of  the  needle  cy  inder. 
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On  the  Wagner -Fennel  Tachymeter  and  Tachygrapliometer. 

The  concentric  setting  of  the  center  over  the  station  has  properly 
only  to  be  done  once  for  each  position  of  the  instrument,  while  with 
some  practice  it  is  so  quickly  done  that  a frequent  renewal  of  the  set- 
ting is  not  a matter  of  great  moment. 

The  plotting  therefore  without  detriment  to  a more  than  satisfactory 
exactness  takes  up  so  little  time  that  it  may  properly  be  regarded  as 
the  immediate  result  of  the  surveying  operations. 

Sec.  24.  The  fastening  of  the  paper  to  the  plane  table  might  be 
accomplished  in  the  usual  and  well-known  manner. 

But  since  in  land  surveys  for  the  purpose  of  studying  locations  a 
long  and  narrow  zone  is  generally  to  be  considered,  two  rollers  are 
attached  below  the  plane  table  for  surveys  on  long  pieces  of  paper. 

In  order  to  increase  the  adaptability  of  the  instrument,  it  is  so  ar- 
ranged that  the  alidade  can  be  fastened  directly  upon  the  movement. 
For  this  purpose  three  milled-head  screws  are  furnished  with  the 
instrument,  which  pass  through  adjusting  nuts  and  have  corresponding 
hollow  threads  in  the  base  of  the  alidade.  (Fig.  n.) 


Fig.  n. 


Before  the  alidade  is  placed  upon  the  movement  and  the  three  above- 
described  screws  are  tightened,  the  ivory  relieving  rollers  of  the  alidade 
should  be  screwed  up  high,  so  as  not  to  project  below  the  base  plate. 
Then  the  instrument  may  be  used  for  leveling,  as  well  as  for  angular 
measurements,  for  which  purposes  the  telescope  is  provided  with  a 
reversion  level,  and  the  movement  with  a horizontal  circle  whose  oppo- 
site verniers  read  to  single  minutes. 

The  limb  and  the  verniers  lie  in  one  plane  inclined  to  the  sight,  in 
order  to  be  conveniently  read  in  any  position  of  the  foot  plate. 
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Sec.  25.  The  use  of  the  instrument  is  sufficiently  obvious  from  what 
has  already  been  said,  but  the  following  will  be  repeated : 

The  setting  of  the  stand  over  the  desired  point  on  the  ground,  and 
the  leveling  and  orienting  of  the  plane  table,  are  accomplished  accord- 
ing to  the  regular  rules  for  plane-table  work.  Then  the  height  of  the 
station  above  the* datum  plane  is  set  upon  the  scale  of  heights  of  the 
projection  angle,  the  relieving  rollers  are  put  into  action,  without,  of 
course,  throwing  the  alidade  out  of  level,  and  finally  the  center  of 
motion  of  the  alidade  is  brought  by  means  of  the  centering  rule  over  the 
point  on  the  map  corresponding  to  the  station  on  the  ground. 

The  setting  of  the  tachygraphometer  is  now  complete  and  the  survey 
proper  can  be  proceeded  with,  in  which  for  each  point  to  be  plotted  the 
following  manipulations  are  to  be  followed  in  the  order  stated : 

(a)  The  telescope  is  pointed  to  the  telemeter  held  at  the  desired  point 
and  the  distance  (on  the  slope)  is  read  off. 

(b)  The  slide  upon  the  upper  rule  A A is  set  by  the  vernier  b to  this 
distance. 

(c)  The  projection  angle  is  pushed  against  the  vernier  a. 

( d ) The  needle  cylinder  is  pressed  down,  and — 

(e)  By  means  of  the  vernier  a the  height  of  the  distant  point  is  read 
off  and  marked  at  the  point  plotted  upon  the  map. 

Only  five  separate  manipulations  are  therefore  necessary,  two  of 
which,  however  ( c and  d),  are  mere  motions  of  the  hand  and  therefore 
require  no  particular  attention. 

ON  HOLDING  THE  TELEMETER  AT  RIGHT  ANGLES  TO  THE  LINE  OF 

SIGHT. 

Sec.  32.  The  rods  which  are  furnished  with  these  instruments  are  4-5 
metres  long  and  are  graduated  on  both  sides.  One  side  is  arranged  for 
measuring  distances,  and  at  the  height  of  1-5  metres  it  has  a special 
sighting  mark,  which  is  the  zero  point  of  the  scale.  The  other  side  is 
intended  for  leveling,  and  has,  therefore,  a uniformly  continuous  gradu- 
ation and  numbering,  the  zero  point  of  which  coincides  with  the  foot  of 
the  rod.  For  convenience  of  transportation,  the  rod  slides  together  to 
a length  of  1-75  metres. 

The  correctness  of  the  reading  of  distances  from  the  rod  held  at  right 
angles  to  the  line  of  sight  will  depend  upon  its  being  held  correctly  and 
steadily.  The  observer  can  readily  test  whether  the  rod  is  held  right, 
since  the  sighting-blocks,  whose  upper  edges  are  pointed  towards  the 
instruments,  are  painted  black  in  front,  and  white  above  and  below. 
(Fig.  o.)  In  thecorrect  position  of  the  rod  the  observer  can  seeonly  black 
surfaces,  but  if  the  rod  is  badly  held,  a white  strip  will  be  seen  above  or 
below,  whose  width  will  correspond  with  the  amount  of  error  in  holding 
the  rod.  In  this  way  the  holding  of  the  rod  is  accurately  tested  when 
one  is  in  position  to  read  the  distance. 
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On  the  Wagner- Fennel  Tachymeter  and  Tachygraphometer. 

The  following  method  of  setting  the  rod  has  been  found  convenient: 
First,  direct  one  of  the  edges  of  the  sighting-block  upon  the  instru- 
ment, and  then  bring  the  bubble  of  the 
transverse  level  to  the  center,  any  slight 
deviation  of  the  edge  of  the  block  from 
the  line  of  sight  being  at  the  same  time 
corrected. 

In  training  a rodman,  he  should  be  re- 
quired to  stand  exactly  behind  the  rod  and 
to  sight  directly  at  the  instrument  without 
twisting  his  neck,  his  eyes  being  about  40 
or  50  centimetres  from  the  rod  and  his  arms 
extended  nearly  to  their  full  length.  In 
this  exact  setting  the  slight  angular  mo- 
tion necessary  for  bringing  the  level  bub- 
ble to  the  center  is  involuntarily  made 
approximately  at  right  angles  to  the  line 
of  sight,  so  that  the  sigliting-block  is  not  noticeably,  if  at  all,  deflected 
from  the  line  of  sight. 

In  windy  weather  it  is  advisable  to  use  a light  brace  about  2 centi- 
metres in  diameter  and  1*70  metres  long  as  a help.  This  is  planted 
about  one-half  or  three-fourths  of  a metre  from  the  rod,  on  the  side 
opposite  the  wind,  and  inclined  so  that  the  upper  end  passes  behind 
the  handle,  to  which  it  is  firmly  held  by  the  fingers,  the  thumb  holding 
the  brace.  While  setting  the  rod  in  position  the  brace  is  held  loosely, 
and  is  brought  into  play  only  when  the  rod  has  been  correctly  placed. 
A rodman  who  is  not  very  strong  should  always  carry  such  a staff, 
especially  as  it  causes  no  material  loss  of  time.  The  rod  must  be  set 
correctly  each  time  in  from  three  to  five  seconds,  at  the  longest. 


Fig.  o. 
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Supplement  N. 

REDUCTIONS  UPON  DIFFERENT  SCALES. 

REDUCTIONS  FROM  THE  SCALE  OF  1-1800. 

A part  of  the  topographical  survey  of  the  District  of  Columbia,  illus- 
trating the  power  of  different  scales  for  the  delineation  of  topographical 
features,  is  shown  on  illustration  No.  34.  Contour  interval  of  the 
original  District  of  Columbia  survey,  5 feet 5 contour  interval  of  the 
reductions,  20  feet;  reductions  made  under  the  direction  of  Assistant 
John  W.  Donn. 
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RedxxctLons  oil  diffex-ent  Scales 
Contour  interval  20  ft. 
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